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ABSTRACT 
The total synthesis of the lichen depsides 4-0-methyl-
olivetoric acid, olivetoric acid, 2-0-methylconfluentic acid 
and confluentic acid are reported. The successful route to 
these compounds centred around the alkylation of (2-pentyl-
1,3-dithian-2-yl) lithium by 2-bromobenzyl halides. Subsequent 
lithiation and carbonation of the product dithianes afforded 
the key "A" ring precursors to these depsides. Coupling of 
these benzoic acids with appropriate phenolic compounds in the 
presence of dicyclohexylcarbodiimide gave the corresponding 
esters which were treated with copper II chloride and copper 
II oxide to generate the required benzylic ketone moiety of 
the depsides. 
A less efficient synthesis of 2-0-methylconfluentic acid 
was achieved through the preparation of the methoxime of di-
Q-methylolivetonic acid. However, the protecting methoxime 
group rearranged to an enamine during the esterification step 
and considerable difficulty was encountered in the generation 
of the benzylic ketone function from- the resultant enamino-
ester. 
Finally catalytic hydrogenation of thes e synthetic benzyl 
esters generated the natural depsides. 
- Spectroscopic evidence is presented to show that the 
lichen depsidone alectoronic acid is a tautomeric compound 
which exists predominantly in a novel, six-membered, pseudo-
acid (hydroxy lactone) form. The existence of this pseudo-
acid tautomer was confirmed chemically be esterification with 
.. . 
(vi) 
acidic methanol, whereupon the corresponding pseudo-ester 
was produced. P.m.r. spectroscopy indicated that the related 
depsidone, a-collatolic acid, and the lichen depside, micro-
phyllinic acid, exhibit analogous ring-chain tautomerism . 
--
CHAPTER I 
INTRODUCTION 
1 
INTRODUCTION 
1) GENERAL 
1 Lichens, symbionts of fungi and algae, produce a wide 
variety of secondary metabolites, many of which are struct-
urally unique in nature. The classification of these 
substances began in the mid nineteenth century with the 
extensive investigations of the Gennan chemists Hesse and 
2 Zopf. They established the empirical fonnulae and properties 
of over 150 lichen metabolites, though with only minor 
attempts at the elucidation of their chemical structures. 
Increased interest in lichens followed the first laboratory 
synthesis of a lichen depside, lecanoric acid (1), by 
Fischer3 in 1913. Since then the structures of over 80 other 
H coo COOH 
(1) 
. 4a b Cd lichen metabolites have been detennined. ' ' 'Of 
particular note is the contribution by Asahina and co-worker s 
of Japan, over the two decades to 1950. Utilising degrad-
ative and synthetic procedures they identified over 40 
metabolites and propounded a definitive clas s ification of 
1, 
'i 
I 1, 
i 
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' 
I 
I 
)o 
2 
these substances, based on establi s hed chemical structure~a 
Although man ha s long used li c hens in c rude me dical 
remedi e s 5 it was not until 1944 that Burkholder et.al~ 
publi s hed the first qualitative study of the antibiotic 
properties of lichens. These workers found that extracts 
from 50% of various species assayed inhibited g rowth of 
several species of bacteria. Quantitative studies over the 
next 10 years established that while most li c h en metabolit es 
are ineffective against gram-negative bac teria 7(Escherichia, 
Salmone lla and Shigella), many inhib it th e growth of gram-
positiv e bacteria (Table 1)~ 
ANTIBACTERIAL PROPERTIES OF SOME LICHEN METABOLITES 
SUBSTANCE 
DEPSIDES 
Lecanoric acid 
Divarica ti c acid 
Sphaerophorin 
Anziai c ac'd 
Perlatolic acid 
Olivetoric acid ( 12) 
Sekikaic acid 
Rarnalino li c acid 
Atranorin 
Tharnnolic acid 
HIGHEST DILUTION INHIBITING GROWTH 
MYCOBACT. TUBERCULOSIS 
AVIUM 
10,000 
40,000 
10 , 000 
10 ,000 
Table 1 
STAPH. AUREUS 
5,000 
80 ,000 
80 ,000 
80 ,000 
80 ,000 
20,000 
80 ,000 
20 ,000 
5 , 000 
5,000 
........... 
3 
Lately several lichen metabolites have shown promise 
as antibiotics in plant pathology;a,b particularly a s anti-
10a b fungal agents. ' At present there is little comme rcial 
8 
application of lichen substance s , although the varietv of 
antibiotic prop rties they exhibit obvious ly encourages 
further investigation . 
Depsides fonn the largest group of lichen metabolite s 
(at present ove r 40 have been identified). Although the 
biolog ical role of these compounds is a s yet unc e rtain~b 
their biog enisi s would appear to occur via intennolecular 
esterification of acetate-polymalonate deri v ed orsellinic 
acid type unitl' 1 fscheme 1). Les s frequently another int e r-
Cl,OH 
--111--. H OOH 
OH 
H H 0 H 
OH HO 
Para - depside Meta - depside 
Scheme 1 
-molecular esterification occurs to give a tri-depside. 
The depside linkage may arise via esterification of a 
hydroxyl para to the carboxyl g roup of a "B" unit, 
resulting in a para-dep side, . or via a hydroxyl meta to 
the carboxyl group to give a meta depside. A hydroxyl 
4 
group meta to the carboxyl group of an orsellinate unit 
presumably occurs from nuclear hyd r oxy lation prior to the 
13 
esterification step. Considerable variation of the ors e ll-
inate template in the fonn of other " extra" ring substituents 
is also observed (Table 2). 
SUBSTITUENTS OF ORSELLINATE MOIETY FOUND TO DATE IN DEPSIDES 
R Rl R3 
' 
H H 
C2H5 CH 3 
n-C 4H9 erythrityl 
CO-n-C H 3 7 
n-C6H13 
CO-n-C 5H11 
OH 
R2 
CH 3 
CH 20H 
CHO 
C0 2H 
OH 
Cl 
Table 2 
R4 
CHO 
OH 
Cl 
H 
5 
It appears that in some lichen species the depsides may 
undergo an intramolecular oxidative cyc lisation reaction to 
fonn the closely rela ted depsidones . 4 fscheme 2) . 
02 COOH ~~H OOH 
CH 2R 
Depsidone 
Scheme 2 
To date bio synthetic studi es have not a yet conf irm d 
this hypothesis, but the appearance of several depside-
d .d . . 1· h · 14 · epsi one pairs in some ic en species supports it. 
Depsides are esters of substituted phenols and benzoic 
acids, and as such are readily hydrolysed. Early investigators 
utilised this fact in their structural detenninations of these 
compounds. For example, Asahina et.al.established the structure 
of glomelliferric acid 15 (2 ) by hydrolysing the este r with c old 
potassium hydroxide and subse quently synthesising the "A" a nd 
"B'' . . . f d ring moieties orme . 
3H1 
CH 2COC 3H7 
0 
H3C 00 OOH H3C +H 
• 
CsH11 KOH 
(2) 
These degradative procedures were supplemented by the 
appli c ation of "thalline" r eagents16 (eg . NaOCl, FeCl} 
OOH 
CsH11 
6 
which produced characteristic colour reactions upon contact 
with a depside or related metabolite if c rtain structural 
features were present (eg. meta -hydroxyl, CHO) in the compound . 
Asahina also developed a microchemical pro c edure 1~hich invo lved 
the microscopic examination of the crystal form of a depside 
recrystallised from various solvents and this method is still 
used today. More recently infrared and proton magnetic res-
4c d 
onance s pectroscopy and particularly mass s pectrometry ' 
have be e n applied with success as supplementary techniques. 
On major method which has emerg d as n invalua le tool 
for the rapid analysis of depsides is thin layer chromatography. 
18 In this procedure, developed primarily by Culberson , the 
unknown depsides are c hromato g r aphed under controlled conditions 
in three standard solventsystems, thus giving r e producible Rf 
values. Further, microscale hydrolysis of the depsides a nd 
subsequent chromatography allows compilation of values for "A" 
d "B'' . . d an ring resi ues. Comparison of these Rf va lues with 
those of approximately 150 lichen substances and nearly 40 
hydrolysis products allows the elucidation of s tructure in 
many cases. For example Culberson and Esslinge r 19 rec ently 
identified two new d ep s ides in a Pannelia species by thi s 
procedure. Thus one depside, upon hydrolysis, produced a 
benzoic acid id ntical to the "A" ring o f microphyllinic aci d 
(3) and another identical to the " B" ring compon nt of perl-
atolic acid (4). In this manner the dep s ide was shown to be 
4-Q-methylolivetoric acid (5). Similarly the second dep s ide 
... 
7 
(loxodellic acid) furnishe d hydrolysis products identical 
with the "A" ring of glomelliferric acid (2) a nd the "B" ring 
component of divaricatic acid (6). Thus this dep s ide has 
the structure (7). 
R 
H~ 0 OOH 
microphyllinic acid (3) R=R'=CH 2 0 5H11 
perlatolic acid (4) R=R'=C 5H11 
4-Q-methylolivetoric acid (5) R=CH 2coc 5H11 , R'=C 5H11 
divaricatic acid (6) R R'=C H 3 7 
loxodellic acid (7 ) R=CH 2coc 3H7 , R'=C 3H7 
2) SYNTHESIS OF DEPSIDES 
Although depsides have primarily a phenyl benzoate 
structure, the pattern and nature of substituents present 
caused considerable problems in the first syntheti c rout es 
to th se compounds. Almost all depsides po s sess a hydroxyl 
(or methoxyl) and an alkyl group in the two ortho position s 
to the carboxyl group of the "A" ring. Thus the k e y 
esterification step, inherent in all approaches to date 
suff-ers from severe steric restrictions (Figure 1), and 
further requires the prior protection of sev eral ( potentially 
interfering) hydroxyl g roups in e ither the "A" or "B" ring 
precursors . 
CH 3 02 
C 
.. 
8 
OR 
Figure 1 
Fischer and Fischer 3 first synthesised a lichen 
depside, lecanoric acid (1), by the c onden sation o f 
dicarbomethoxyorsellinic acid chloride ( 8) with orsellinic 
acid (9), followed by decarbomethylation (Figure 2). 
CH 3 
COCI + H OOH R co OOH 
• 
CH 3 
(a) (9) (1) R = H 
Figure 2 
To prevent interference in the est e rifica tion step 
by the carboxyl group of the "B" ·t uni , Fi s cher and Fis c h e r 
subsequently utilised 4-carbomethoxy orcinaldehyde 
(10) a-s the phenolic component. Est e rification was then 
followed by permanganate oxidation and finally remo val 
of the phenolic protec ting groups to affo rd the depside 
(11) (Figure 3) . 
OC02CH3 CH 3 C0 2CH 3 
R 
Mno; 
..... RO 0 
C0 2H CH3 
R=H (10) 
i H30+ H 
H 00 (11) 
OH 
Figure 3 
This method with minor modifications was then employed 
by Asahina and Fuzikawa4a as a general synthesis of depsides. 
The preparation of the relatively reactive acid chloride 
in this route nece ssitated the prior protection of all 
hydroxyl groups pre sent in the molecule. 20 Ollis et. al. then 
used the carboxylic acid in the esterification step by em-
ploying trifluoroacetic anhydride (T .F.A. ) as a condensing 
agent. Later Seshadri et. al~ 1 utilised dicyc lohexylcarbodi-
imide (D.C.C.) and N,N'-carbonyldiimidazole in the same cap-
acity. This obviated the preparation of the acid chloride and 
further only required the protection of t he para hydroxyl group 
f h "A'' . o t e ring component; the hydrogen- bonded ortho hydroxyl 
group being sufficiently less reactive in this r eaction . Ses -
hadri et. al. also showed that the esterification step usually 
failed if the "B" . unit possessed a free carboxyl ring group as 
the . reacti on appeared to invo lv anhydride for mat ion. maJor 
Removal of the phenol protecting groups (carbometh oxy 
acetyl) troublesome . ble depside linka or was s appreci e 
I 
I 
I 
j 
10 
cleavage generally occurred also, and relatively few natural 
depsides were obtained by these invest i ga tors . 
. 22-25 More recently El i x and others overcame these 
difficulties by employing the 0-benzyl protecting function 
where necessary for both phenolic and carboxyl moieties. 
The non-hydrolytic debenzylation step (hydrogenolysis) 
-ensured good yields of the depsides and enabl e d the synthesis of 
an appreciable number of both para- and meta-depsides (Scheme 
3) to be completed. 
R 
H 
K~03 ¢CH 2Br 
R 
OH 
OH 
OH 
00 
R 
Scheme 3 
H 
TFA 
or 
DCC 
.. 
11 
However, to date olivetoric acid (12) and related 
depside s with a k etoalky l side chain have not be en 
synthesi sed . This is almost ce rtainly due to the synthe tic 
CHiCOR 
00 OOH 
NAME R 
Olivetoric acid2~ ) c5H11 c5H11 
4-0-Methylolivetoril9(S) C5H11 C5H11 
Confluentil 7(13) C5H11 C5H11 
H 
H 
2-0-Methylconfluentii8(14) C5H11 CSH11 CH') 
Arthoniat 9(15) 
MicrophylliniJ0(3) 
Glomelliferrit 5(2 ) 
Glomelli21(16) 
Loxodelli~9 (7) 
c5H11 CH 2coc 5H11 H 
C3H7 CSH11 H 
c3H7 CH 2coc 3H7 H 
C 
3
H
7 
C 
3
H
7 
- H 
Table 3 
...) 
H 
H 
H 
H 
H 
H 
H 
H 
difficultie s and side react ions which re sult from the close 
proximity of the benzylic ketone a nd ester functions present 
in these compounds. Thus although an "A" ring precursor, 
di-0-tnethylolivetonic acid ( 17) ·was synthesised by Asahina 
and Nogaml. 32 · 1942 h b t d . in , t e su sequen con ensation step 
.. 
12 
presumably fafled. These workers reported that treatment 
o f this compound with fonnic acid re sulted in an efficient 
intramolecular cyclization to give the isocoumarin, 
di-0-methylolivetonide (1 8) . Presumably this would a lso 
occur upon treatment with dehydrating agents such as D.C.C., 
T.F.A. or thionyl chloride. A further difficulty arises 
from the lengthy, inefficient route required for the synthe s is 
of the olivetonic acid derivative (Figure 4). 
H 3C -
(11) 
0CH 3 
1) Na 
1)(cH 3) 2so4 
2) S0Cl 2 
1)CH 3COCH 2C02C2H 5/Na 
C4H91 
02H HCO~ H3C 
OCH 3 
Figure 4 
KOH 
H 
OH 
OCH 3 
(18) 
Hence the primary purpose of thi s project was to 
develop a general and efficient route to this class of 
depsides, and further to s tudy the prop e rties of the s e 
compounds. 
1 3 
, r 
CHAPTER II 
SYNTHETIC APPROACHES TO 2-0-METHYLCONFLUENTIC ACID (14) 
.... 
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SYNTHETIC APPROACHES TO 2-0-METHYLCONFLUENTIC ACID (14) 
1) 2-0-Methylconfluentic acid (14) was selected as a 
suitable prototype for the olivetoric acid group of depsides 
and its synthesis was envisaged as the prime goal in the 
development of a general route to these compounds. 
H~ OOH H OOCH 2¢ 
(14) (19) 
The "B" ring precursor to 2-0-methylconfluentic acid 
(14), namely benzyl 4-hydroxy-2-methoxy-6-pentylbenzoate (19) 
h b d . 122 as een prepare previous y. Thus this synthetic approach 
centred around the preparation of a suitably protected deriv-
ative of di-0-methylolivetonic acid (17) which would be 
expected to undergo depside condensation with the phenol (19) 
in the presence of T.F.A. or D.C.C. The initial target was 
2,4-dimethoxy-6-(2'-nitrohept-1'-enyl)benzoic acid (29). 
Utilisation of the p-nitrostyrene skeleton appeared attractive 
because of its ease of construction from readily available 
starting material~3and its potential for generating the ben-
zylic -ketone functioi4when required (Scheme 4). 
The condensation of 1-nitrohexane with 3,5-dimethoxy-
benzaldehyde in the presence of 1-aminobutane gave 1-(3' ,5'-
dimethoxyphenyl)-2-nitrohept-1-ene (20) in high yield. As 
HO 
C&H13N0 2 .., 
H 3CO 
~02 
1)H2;Pd/ C 
2)H 30+ 
(14) 
(20) 
Scheme 4 
15 
(19) TFA 
(29) 
related dimethoxybenzenes undergo preferential fonnylation 
. h 2 ' . . d . d . . 3 Sa ' b int e - position un er appropriate con itions, tne 
intention was to introduce the carboxyl function via fonn-
ylation of this compound. However, it wa s not possible to 
effect formylation under a variety of conditions without 
concomitant polymerisation. As an alternative synthetic 
approach to this compound, the possib ility of introducing the 
carboxyl group (protected as the e thyl ester) early in the 
synthetic sequence and subsequently synthesi s ing the nitro-
styrene moiety Nas inve stigated (Scheme 5) . 
Thus bromination of 5,7-diacetoxyphthalide (21) and 5,7-
36 
dimethoxyphthalide (22) with N-bromo succinimide followed by 
R 
R 
(21) R=Ac 
(22) R=CH 3 
(27) R==H 
(28) R==CH 3 
+ 
1) NBS 
2) H30+ 
H11 
H(OCH 2¢ ) 2 
hv 
OOCH 2 <t> + (24) 
Scheme 5 
• R 
R 
16 
OR 
t23j R=H 
24 R==CH 3 
¢CH 2N2 
(29) 
COOCH 2¢ 
R 
(25) R==H 
(26 )R==CH 3 
hydrolysis gave 3,5,7-trihydroxyphthalide ( 23 ) and 3-hydroxy-
5,7-dimethoxyphthalide (24) respectively. Treatment of the 
latter compounds with phenyldiazomethane or benzyl bromide 
and potassium hydrogen carbonate produced in turn, benzyl 2-
formyl-4,6-dihydroxybenzoate (25) and benzyl 2- formyl -4, 6 -
dimethoxybenzoate ( 26). 
17 
However, the condensation of these aldehydes with 1-
nitrohexane under a variety of conditions failed to produce 
the required nitrostyrenes. Typically in the pres e nce of 1-
ambobutane the phthalimidines (27) and (28) were the major 
condensation products. Me thy l 2-fonnylbenzoate and nitro-
methane are known to afford a comparable product with base~ 7 
This instability of the nitre-styrene moiety to reaction 
conditions encountered in the synthetic Schemes 4 and 5 pre-
cluded its use as a ketone protecting group . However, as it 
allowed facile construction of the required benzylic k etone 
chain via hydrogenolysis it was deci ded to utilise the nitro-
styrene (20) in a modified scheme ( Scheme 6) . The methoxime 
(33) 
CH 2COC5H11 
_C--=12 __ C_H_O_C_H __ 3 -~.. ~C 
TiC1 4 
OCH3 (29) 
NOCH 3 II 
CH 2C-CsH11 
COOH ~CHpNH 3CI 
DMSO 
Scheme 6 
~c 
R 
R' OCH 3 
(30) R=CHO,R1==H 
(31) R'=CHO,R=H 
OOH 
(11) 
--
18 
group was se lected as a key protecting g r oup because of its 
ease of introduction, its stability to many acidic and basic 
reagents, and the availability of seve ral methods for the 
38 
regeneration of the ketone group . Particularly attractive 
was the report that low temperature ozonolysis of various 
h . h . ld39 methoximes gave the corresponding ketones in ig yie . 
Reduction of 1-(3' ,5'-dimethoxyphenyl )-2 -nitrohept-1- ene 
(20) and subsequent hydroly s i s of the int e rmediate oxime 
produced the ketone (29) in high yield. Formylation o f this 
compound with dichloromethyl methyl ether and titanium (iv) 
chloridiogave a mixture of 2,4-dimethoxy-6-(2!oxoheptyl) b enz-
aldehyde (30) and 2,6-dimethoxy-4-( 2 '-oxoheptyl) benzaldehyde 
(31). The position of the formyl g roup in these . . isomeric 
aldehydes was readily determined from their p.m.r. spectra. 
Thus the two aromatic protons of the symmetrically substituted 
aldehyde (31), being magnetically equivalent, produced a 
singlet signal while thos e of t h e other aldehyde (30) exhibited 
a typical AB pattern with a meta coupling con stant of 2.5 Hz. 
Further, the benzylic protons of the latter aldehyde (30) 
resonated at approximately 0 . 3 ppm lowerfield than those of the 
former due to the anisotropy of the adjacent formyl g roup~ 1 
By contrast formylation of (29) with ethyl orthoformate and 
aluminium trichlorid~Oproduced 6 - butyl -7- ethoxy-2 ,4-dimethoxy -
1-naphthaldehyde (32). A mechanistic rationale for the 
formation of this compound is given in Scheme 7. 
' 
Scheme 7 
1 9 
CH(OC 2H 5 ) 2 
OCH3 + (c1)3AI- OC2Hs 
H 
+ -
h0-AICl3 
-CH 2Cy' 
CsH11 "'" C2H 50H 
+ H 
Cl-f 
\ OC2H5 
OCH3 + (c1) 3AI-OC2Hs 
I 
f 
t I 
I 
20 
The formation of enol ether s from ketones by treatment 
42 
with ethyl orthofonnate is well documented. The intermediate 
so produced then only needs the formation of the stabilised 
benzylic cation to undergo facile cyclisation. The second 
fonnylation could feasibly occur earlier in the Scheme. 
Oxidation of the benzaldehyde (30) with sodium chlorite 
in the presence of sulphamic acid43gave di-0-methylolivetonic 
acid (17). As expected, attempted coupling of this acid with 
benzyl 4-hydroxy-2-methoxy-6-pentylbenzoate (19) in the 
presence of T.F.A. or D.C.C. gave only di-0-methylolivetonide 
(18). Hence the ketonic group of (17) was protected by 
reaction with Q-methylhydroxylamine hydrochlorid~4 , whereupon 
the oximino acid (33) was obtained. The condensation of the 
oximino acid (33) with the benzyl ester (19) proceeded in t he 
presence of T.F.A. to give the depside ester (34). The p.m.r. 
of this compound containe d no signal attributable to the 
benzylic protons of the "A" . ring. This with a 1H proton signal 
at O 7. 08 in addition to the expected four aromatic protons 
indicated that the 0-methyloximino group had undergone an 
. d 1 d · 4 5d · h d aci -cata yse r earrangement to an enamine uring t econ en-
sation. 
R 
H 
~OCH 3 (34) R= HC=C""c 
H3C 0 OOCH 2¢ sH11 (3s) R= CH 2COCsH11 
21 
Obviously the driving force for t hi s rearrangement ar i ses 
from the r esonance stabilisation of the conjugated styrene 
structure and in fact considerab l e dif f i culty was encountered 
in the hydrolysi s of this enam ine g r oup . Only after the 
product (34) was stored for a c onside rabl e t ime in c ontact 
with the atmosphere could a sma ll quantity of benzyl 2-0-
methylconfluentate (35) b is o l a ted. The benzyl ester (35) 
was subsequently c onverted in to _the desired d e pside, 2-0-
methylconfluenti c aci d ( 14). Howeve r, u se of the methoxime 
group as a key protecting agent appeared i mpractica l in the 
development of a general route to this class of dep s ide s . 
2) Alternative Approach to 2-0-Methylconf luentic Acid (14) 
1-(3' ,5'-Dimethoxyphenyl) heptan-2-ol (37) ha s been 
previously prepared by Bullimor~6 et.al.by the following 
method (Figure 6). It was though t that this alcoho l (37) might 
H~ 
(37) 
Figure 6 
(36) 
22 
be an appropriate intennediate for the synthesis of an 
alternate "A" ring precursor, name ly 6-(2 '-benzyloxyheptyl ) 
-2,4-d imethoxybenzoic acid ( 41) (Scheme 8) . It was e xpected 
(37) 
(36) 
OH 
R 
OCH 3 
(41) R=H 
(42) R=CI 
Sc.heme 8 
CH{t> 
(38) 
~H 3) 2NCHO 
POCIJ 
(39) R =CHO,R1 H 
(40) R1=CHO,R= H 
23 
that the relatively stable benzyl ethe r moiety would . sur vive 
the condensation s tep. Subsequent hydrogenolysis wo11ld 
regenerat e the alcohol and carboxy l function s and finally 
oxidation with chromi c anhydrid~ 7o r pyrid inium chlorochromat~8 
could afford 2-0-methylconfluentic acid (14). 
It was found that a convenient synthe sis of the alcohol 
(37) could be effected via the oxidation of 2-(3' ,5'-dimeth-
oxyphenyl) ethanol to 3,5-dimethoxyphenylacetaldehyde (36). 
Both chromic anhydride in pyridine and pyridinium chloro-
chromate gave good yields o f the aldehyde, (36). Treatment 
of 3,5-dimethoxyphenylacetaldehyde with pentylmagnesium bromide 
followed by nonnal hydrolysis gave 1-(3' , S '-dimethoxyphenyl) 
heptan-2-ol (37). The hydroxyl group was then protected by the 
fonnation of the corresponding benzyl ether, 1-(2'-benzyl-
oxyheptyl)-3,5-dimethoxybenzene(38). Thi s ethe r (38 ) underwent 
efficient Vilsmeier fonnylation with dimethy lformamide and pho s -
phorus oxychloride to give principally 6- (2 '- benzyloxyheptyl) 
-2,4-dimethoxybenzaldehyde(39) together with a sma ll amount 
of the isomeric aldehyde( 40 ) . Oxidation of the fonne r aldehyde 
with sodium chlorite in the presence of sulphamic acid did not 
proceed smoothly since 6 - (2 '- benzy lo xyheptyl)-5 - chloro - 2 , 4 -
dimethoxybenzoic ac id (42) always accompanied the fonnation 
of the required 6-(2'-benzyloxyheptyl)-2,4-dimethoxybenzoic 
acid(41). Nuclear chlorination of activated aromatic 
systems by sodium chlorite ha s been observed previously but this 
24 
side reaction is nonnally minimised by the addition of a 
hl . h 1 h . . d
43 
c orine scavenger sue as sup amic aci • 
When a mixture of the benzoic acids (41) and (42) and 
benzyl 4-hydroxy-2-methoxybenzoate (19) were treated with 
T.F.A. or D.C.C. no depside formation was observe d, and the 
only products isolated were 6, 8 -dimethoxy-3-pentyl-3,4-
dihydroisocoumarin (43) and the corresponding 5- chloro compound 
(44). Thus these sys tems must be sufficiently acidic to 
effect protonation of the benzyl ether linkage and thence 
intrarnolecular cyclization ra her than intennolecul r 
esterification. 
(43)R=H 
(44) R= Cl 
sH11 
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A PREFERRED SYNTHESIS OF 2-0 -METHYLCONFLUENTIC ACID (14) 
AND RELATED DEPSIDES 
Dithioacetal s and ketals are being used increasingly as 
carboxyl protecting groups in organic synthesis and are pre-
ferred to the oxygen analogues in many cases because of their 
greater stability to both acidic and basic conditions . How-
ever, the susceptibility of the divalent su lphur bond to 
electrophilic and/or oxidative attack enables the regeneration 
of the carbonyl compound under relatively mild condi tion s by 
a wide variety of reagentt: Further, Corey and Seebac~%ave 
shown that 1,3-dithianyl ace tal s (45) c an be metallated with 
relative ease, pre sumably because of stabi li sation of the car-
51 banion by the two adjacent polarizable sulphur atoms . (Figure 
7). The lithiodithianes(46) aTe highly nucleophilic acylating 
Bu Li 
THF -75<> 
I 
RCH 2Br 
+ Li Br 
(45) (46) (47) 
Figure 7 
49 
agents and react efficiently with most primary or secondary 
halides to afford the corresponding 1,3-dithianyl ketals (47) , 
thus constituting an important carbon- carbon bond forming 
52 procedure. 
This sequence of reactions provides a very versatile 
synthesis of ketones and it was thought that it coul d 
---
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possibly be incorporated into a novel synthesis of 2-0-methyl-
confluentic acid (14) as shown in the following Scheme. 
+ 
(48) 
(54) (49) 
(19)+DCC 
H~ 
(ss) 
Scheme 9 
Both 3,5-dimethoxybenzyl bromid~ 3(48) and (2-pentyl -1,3-
dithian-2-yl ) lithiw?i0 have been prepared previously and 
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reaction of these two compounds yielded 2-( 3 ', 5 '-dimethoxy-
benzyl)-2-pentyl-1,3-dithiane (49) together with a small 
quantity of the coupling product 1,2-di(J', 5'-dimethoxy-
phenyl) ethane (50). 
(so) R == H 
(54) R == Br 
However, fonnylation of the fonner compound w'th phosphorus 
oxychloride and dimethylfonnamide gave only the naphthaldehyde 
(51). This could be rationalised in the following manner: 
Presumably the dithioketal was partially cleaved by electro-
philic attack of phosphorus oxychloride, and the resultant 
thioenol ether could then undergo cyclisation to the naph-
thalene moiety via interactions with the adjacent electrophilic 
carbon centre (Scheme 10). 
' 
CH~ 
-(49) Cl 
H:iC 
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~HJ~POC'2 
C4l-l9 1) DMFIPocb 
~2) H30+ . H3CO 
(s1) OCH3 
rN 
H C4H9 
c_:(CH3)2 
CH3 +H 
Scheme 10 
Further attempts to effect fonnylation of (49) were 
abandoned and as an alternative proposal the introduction of 
the carboxyl function via lithiation of the aryl bromide (52) 
f 11 d b b · 1 54 . d d o owe y car onation at ow temperature was consi ere. 
(Scheme 11) 
-...er 
r + 
_ OCH 3 
(52) (53) 
Scheme 11 
As expected the aryl bromide substituent of 2- bromo - 3,5-
dimethoxybenzyl bromide (52) was inert to attack by (2-pentyl 
-1,3-dithian-2-yl) lithium and only 2- (2 '- bromo-3', 5'-dimeth-
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oxybenzyl)-2-pentyl-1,3-dithiane (53) to ge the r with the 
coupling product, 1,2-di(2'-bromo- 3 ', 5 '-dime thoxyphenyl )e than 
(54) were formed. Lithiation of (53 ) with butyllithium 
followed by carbonation at l ow t emp e rature then gave the 
required "A" ring precursor 2,4-dimethoxy-6-{(2'-pentyl-1: 
3'-dithian-2'-yl) methyqbenzoic a c id (54). It was evident 
from the p.m.r. spectrum o f (54) that no r earrang ement had 
occurred during the introduction of the carboxyl function a s 
the two aromatic protons were dissimilar and exhibited a 
typical meta coupling con s tant of 2 Hz. Further the benzylic 
methylene protons were situated .46 ppm downfield relativ e 
to those of 2-(3', 5'-dimethoxybenzyl)-2-pentyl-1,3-dithiane 
(49) because of the anisotropy of the adjacent carboxyl 
group. The acid (54) condensed readily with benzyl 4-hydroxy 
-2-methoxy-6-pentylbenzoate (19) in the prese nce of D.C.C. to 
give the depside ester (55). The protecting dithioketal 
th d d . 1 d d . . b M k . ' 5 5 group was en remove un er mi con itions y u aiyama s 
procedure, employing copper II chloride and c opper II oxide 
in 99% acetone at room temperature. T~e ben zyl 2-0-methyl-
confluentate (36) so obtained was subjected to hydro genolysi s 
over palladised carbon to afford 2-0-methylconflue ntic a c id 
(14). The synthetic sample proved to be identical in all 
respects with the natural material. 
This route which enabled the construction of the two 
key functional groups from the intermediate benzyl bromide 
(52) appeared very promi s i ng . Hence an analogous synthes i s 
of several related depside s was undertaken and in a ddit ion 
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the possibility of increasing the yields of several key steps 
was investigated. The "B" ring precursors to olivetoric acid 
( 12), confluentic acid (13) and 4-0-methylolivetoric acid (5) 
have been prepared previously and thus these three depsides 
were selected as the next synthetic targets. This required 
the synthesis of only two " A" ring precursors (74) and (76) 
which in turn were obtained from two key benzylic halide 
intennediate s (58) and (72) as shown in Scheme 12. 
R 
R 
R 
X=Cl,R=CH 3 (12) 
X=Cl,R=CH 2¢ (64) 
X=Br,R=CH 2¢(58) 
R =CH 3 (73) 
R ==CH {/J (59) 
H 
R = CH 3 ( 7 6) _______ ( __ 7 7-~: 
R = CH i<t> (74) (n) 
Scheme 12 
(77) 
~ (13) 
-~ (s) 
-· (12) 
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In the preceding synthesis the key intennediate 2-bromo-
3,5-dimethoxybenzyl bromide (52) was prepared by direct 
bromination of 2-bromo-3,5-dimethoxytoluene or 3,5-dimethoxy-
benzyl bromide but both procedures gave appreciable quantities 
of 2,6-dibromo-3,5-dimethoxybenzyl bromide in the final step 
(Scheme 13). Hence a more efficient route was sought. 
H,C r r 
(s2) 
,---.. H Br 
H~ 
Scheme 13 
. . 56 Although utilisation of the dioxane/bromine adduct at 
lower temperatures for the bromination of 3,5-dimethoxybenzyl 
bromide did not significantly increase the yield of \SL), N-
bromosuccinimide at -5° in chloroform/carbon tetrachloride 
effected efficient bromination of 3,5-dimethoxybenzyl alcohol 
to afford the corresponding 2-bromo derivative (56). Thus we 
envisaged an efficient synthesis of the key benzylic halides 
via the corresponding 2-bromobenzyl alcohols (Scheme 14). 
H 
H~ 
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H H 
NBS R 1 ¢CH 2Br <t>H C 
2 LiAIH4 
2 
H CH 2¢ 
(69) R=CH 3 
(57) R=CH 2¢ 
<t>CH1.Br 
OOCH3 H H 
NBS 
..,. H~ LiAIH 4 H C _____ .., .. 3 
H (65) (68) 
Scheme 
Preparation of 2-bromo-3,5-dibenzyloxybenzyl alcohol (57) 
was straightforward, and treatment of this compound with 
phosphorus tribromide gave the corresponding benzyl bromide 
(58). However, as with 2-bromo-3,5-dimethoxybenzyl bromide 
(52), alkylation of (2-pentyl-1,3-dithian-2-yl) lithium with 
this benzyl bromide proceeded with the fonnation of an apprec-
iable quantity of the couplillsproduct (60), in addition to 
2-(2'-bromo-3', 5'-dibenzyloxybenzyl)-2-pentyl-1,3-dithiane 
(59). The fonnation of dimeric side-products in analogous 
Br Br 
(so) 
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57 
alkylations of organolithium compounds is well documented 
and presumably arises via halogen-me t al exchange (Scheme 15). 
RLi + R'CH 2X 
R'CH 2Li + RCH 2X 
-'- RX + 
' 
X 
Scheme 15 
Cl, Br, I 
This coupling reaction tends to predominate with the more 
reactive alkyl bromides and iodides rather than with the 
corresponding alkyl chlorides. For example, alkylation of 
(2-propyl-1,3-dithian-2-yl)lithium with the alkyl chloride 
(61) gave the expected product (63) in 68% yield whereas the 
corresponding alkyl bromide (62) afforded only 36% of (62) 
together with 45% of dimer~ 8 
+ X 
X=Br (62) 
X=CI (61) (63) 
2-Brnmo-3,5-dibenzyloxybenzylchloride (64) was thus 
prepared from the alcohol (57) by treatment with thionyl 
chloride. In agreement with the above results, this compound 
effected efficient alkylation of (2-pentyl-1,3-dithian-2-yl) 
lithium to give the dithiane (59) with negligible dibenzyl 
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fonnation. 
The preparation of the second halide intermediate, 3-
benzyloxy-2-bromo-5-methoxybenzyl chloride (72) was more 
tedious. Firstly, methylation of the syrrunetrically substit-
uted methyl 3,5-dihydroxybenzoate gave only moderate yields 
of the monomethyl ether (65) together with similar quantities 
of the dimethyl ether, methyl 3,5-dimethoxybenzoate. Reduction 
of the former compound with lithium aluminium hydride in ether 
proceeded ata very slow rate presumably due to the insolu-
bility of the initially fonned phenol-aluminate complex. 
However, the reduction could be completed in 3 h when conducted 
in tetrahydrofuran. 
The product, 3-hydroxy-5-methoxybenzyl alcohol (66) was 
only slightly soluble in chloroform and thus bromination of 
this compound with N-bromosuccinimide was carried out in 
tetrahydrofuran. Under these conditions the bromination was 
non-selective and an isomeric product, presumably 6-bromo-
3-hydroxy-5-methoxybenzyl alcohoi 3(67), was fonned in approx-
imately the same yield as the desired 2-br9mo derivative, (6 8 ) . 
Hence it was thought that a more efficient route to the benzyl-
chloride ( 72) might begin with the preparati,)n o t J-hyctroxy 
-5-methoxybenzyl chloride (70) . 
Br H 
(67) H~ R= H (70) 
R=Br (71) 
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Treatment of the benzyl alcohol (66) with thionyl chloride 
in tetrahydrofuran gave a high yield of the corresponding 
benzyl chloride (70). This compound was soluble in chloro-
fonn-carbon tetrachloride (1:1) and reaction with N-bromosuc-
•• 
0 d -10° afforded 2 b 3 h d 5 th b 1 cinimi eat - romo- - y roxy- -me oxy enzy 
chloride (71) in good yield. Benzylation of this compound 
with benzyl bromide and anhydrous potassium carbonate pro-
ceeded without interference from the less reactive benzyl 
chloride function to give the required intennediate, 3-benzyl-
oxy-2-bromo-5-methoxybenzyl chloride (72). Thi s halide 
efficiently alkylated (2-pentyl-1,3-dithian-2-yl) lithium to 
give 2-(3'-benzyloxy-2'-bromo-5'-methoxybenzyl)-2-pentyl-1, 
3-dithiane (73). 
Lithiation of 2-(2'-bromo-3' , 5 '-dibenzyloxybenzyl)-2-
pentyl-1,3-dithiane (59) at low temperature (-75°) in tetra-
hydrofuran, followed by carbonation gave the required "A" 
ring precursor, 2,4-dibenzyloxy-6-["(2'-pentyl-1' ,3'-dithian 
-2'-yl) methy!Jbenzoic acid (74) in only moderate yield. As 
a major by-product in this reaction was 2-(3' ,5~-dibenzyl-
oxybenzyl)-2-pentyl-1,3-dithiane (75),it was clear that 
further metallation and exchange reactions were taking place 
during lithiatio~7 (Scheme 16). 
It has been shown that electron donating solvents (such 
as tetrahydrofuran or tetramethylenediamine) in some cases 
accelerate metallation reactions more than halogen-metal 
59 
exchange, so it was decided to conduc t the reaction in a 
hydrocarbon solvent containing a smaller volume of tetra-
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R' 
R r + Buli R Li + BuBr 
(59) OR 
R 
R i • (5 9) 
r + R 
........ 
' R 
Li Ro 
R'= ~ , R=CH 2¢ C5H11 Scheme 16 
R 
(75) 
hydrofuraR? It was found that the substrate was sufficiently 
soluble at low temperature in a solvent composed of hexane-
tetrahydrofuran (2. 75:1), and that the side-reactions were 
considerably suppressed in this medium. Thus under these 
conditions both dithianes (59) and (73) afforded high yields 
of the corresponding benzoic acids (74) and (76). 
Both the benzoic acids (74) and (76) condensed readily 
with benzyl 2,4-dihydroxy-6-pentylbenzoat~2 (77) in the 
presence of D.C.C. to give the corresponding depsi9e-esters 
(78) and (79). The latter benzoic acid, (76) was also reacte d 
with benzyl 4-hydroxy-2-methoxy-6-pentylbenzoate (19) to afford 
the depside ester (80). 
(78) ' R =CHl// R=H .. 
I (79) • R OOCH 2¢ R =CH 3 , R=H 
(ao) ' R =CH3, R=CH 3 
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The protecting dithioketal group was then removed by 
treating each compound with copper II chloride and copper II 
oxide in 99% acetone to give adequate yields of the corres-
ponding benzyl esters (81), (82) and ( 83) . The spectra of 
the benzyl esters were consistent with the assigned struct-
ures. In particular the p.m.r. spectrum of each compound 
relative to its ketal precursor, exhibited a singlet 
methylene absorption in the region expected for the ArCH 2co 
moiet~1 (approx. o 3.85). 
OOCH{/J 
(81) R1=CH 2¢,R=H 
(82) R1=CH3 , R=H 
(83) R1=CH3, R=CH 3 
Finally hydrogenolysis of these benzyl esters over 
palladised carbon yielded respectively, olivetoric acid (12), 
4-0-methylolivetoric acid (5) and conflu~ntic acid (13). 
The observed properties and chromatographic behaviour 
of synthetic olivetoric acid (12) and confluentic acid (13) 
were consistent with those described in the literature for 
the natural depsid\~~ 61 Natural 4-0-methylolivetoric acid (5) 
has been identified only by thin-layer chromatography of its 
hydrolysis products and thus the physical and spectral data 
of this compound are described for the first time. 
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As the p.m.r. spectra of olive toric acid (12) and 4-0-
methylo l ivetoric acid (5) , and the detailed mass spectra of 4 -() 
-methylolivetoric acid (5) and 2-0-methylconfluentic acid 
(14) have not been described previously it is interesting to 
appraise the effectiveness of these techniques in the struct-
ural elucidation of these and related depsides. Inspection 
of their p.m.r. spectra shows that both methylene groups 
to the ketone function of the oxoheptyl side-chain and the 
a-
benzylic methylene protons of the "B" ring resonate at fairly 
constant and distinct chemical shift and are thus diagnostic-
ally useful. (Table 4). However assignment of the aromatic 
4-0-methylolivetoric (5) 4.10 2.45 
olivetoric (12) 4.11 2.50 
2-0-methylconfluentic (14) 
confluentic (13) 
Table 4 
3.90 2.50 
4.11 2.44 
3.00 
3.00 
2.80 
2. 70 
protons to the "A" or "B" ring was only possible for 2-0-
methylconfl·ientic acid (14) and olivetoric acid (12) and 
thus p.m.r. spectra of the se compounds gives only limited 
information about the nature of substituents present in each 
ring. 
Although positive ion mass spectrometry has been applied 
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extensively in the study of depside esters, negative ion 
b d . h h f b 1· ·d 4d spectra have often een use wit t e ree car oxy ic aci s . 
Despite the fact that positive ion spectra of depsides infre-
quently give a molecular ion, the actual fragmentation pattern 
observed yields considerable structural infonnation. The 
major fragmentation pathways of olivetoric acid (12) and re-
lated depsides are illustrated in Scheme 17. 
All four synthetic depsides fragmented chiefly by route 
A, giving intense ion peaks due to (84) and (85) from frag-
mentation of the "A" ring. 4-..Q-Methylolivetoric acid(S) and 
confluentic acid (13) were exceptional in that fragmentation 
via route B to give the daughter ion (86) was also significant. 
Similarly the "B" rings of these depsides exhibited major 
peaks due to (87),(88) and (89) via route A'. Again the 
. ion 
depsides (5) and (12) were exceptional in that the "B" ring 
exhibited an additional major fragmentation route A". Thus 
inspection of the positive ion mass spectra of these depsides 
allows ready identification of the "A" and "B" ring components. 
However, the position of a single methoxyl substituent on an 
"A" ring of a depside could obviously not be detennined. 
The infrared spectra of these depside s were also 
characteristic with the ketone, depside ester, and carboxyl 
-1 functions giving absorptions around 1700, 16 70 and 1650 cm 
respectively. 
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OOH 
(86) 
B 
R 00 OOH 
A 
H OOH 
(87) 
R 
H H (84) 
(88) 
R H 
(85) (89) 
Sch me 17 
I : 
l 
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THE STRUCTURE OF ALECTORONIC ACID (90) AND RELATED LICHEN 
METABOLITES 
Much of the basic chemistry a nd many of the structural 
determinations of the li chen depsides and depsidones were 
4a 
carried out before 1950 ( and thu s without the benefit of 
p.m.r. spectroscopy). On su c h depsidone, alectoronic acid 
(90) wa s first isolated from the lichen Alecto ria japonica by 
Asahina and Hashimot8 2in 1933, and the gross structure (90) 
of this compound was established by Asahina, Kanaoka and 
. 63 64 Fuzikawa.' 
H OOH 
(90) 
The key interconversion used to establish the structure 
of alectoronic acid involv d methyla tion ~ith diazomethane, 
whereupon the known ester, methyl a-collatola te (91), wa s 
produced. 
Alectoronic acid was i solated from an Australian lichen 
Pannelia _glabrans Nyl,and inspection of its p.m.r. spectrum 
in deuteroacetone (illustrated in Figure 8) clearly showed 
that the two c7 side chains were, in fact, quite dissimilar 
in nature and hence not compatible with structure (90). 
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~ f+sooHzl A [-40 °1 
8 7 6 5 4 3 2 0 
8 (p.p.m. from SiMe4) 
100-MHz pm r spectrum of alectoronic acid 1n CD 3COCD 3 
Figure 8 
It was proposed that alectoronic acid exhibits rapid 
ring-chain tautomerism, and that at room temperature the 
predominant tautomer is the pseudo-acid from (92). 
R 
H 
(92a) 
Thus -in the p.m.r. 
b 
-,-'(90)~H 
spectrum of 
(92b) 
this compound 
(9~ R ==CH3 
(93)R=H 
the 
,, 
, 
't>H 
sharp 
2H methylene signal at 4.06 was assigned to the c6-cH2coc 5H11 
at 04. 05- . substituent, and the very broad methylene signal 
3.10 to the protons HA and HB. That the latter signal was due 
to the non-identity (b r pid in erc hang e) of proton s HA,HB 
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was demonstrated by cooling the sample to -40° , whereupon 
these protons exhibited a typical AB pattern centred at 0 
3.33, 3 . 70 with a geminal coupling constant of 16 Hz. Thu s 
at this temperature the r ate of taut om ric interchange was 
reduced and the resolved p.m.r. sp ectrum r eadily identified 
the predominant tautome r. In agreement with th i s proposal, 
the shifts of the two side- c hain y-methylene groups we re 
quite distinct (0 2.16, 2.56) and consistent with one such 
group being adjacent to a carbonyl carbon and the other 
r adjacent to a saturated carbon. 
. H~ 
These conclusions were confinned chemically in the 
following manner. Methylation of ale c toronic acid with di-
azomethane at room temperature gave a mixture of the nonnal 
esters, methyl alectoronate (93) and methyl a- collatolate (91 ) 
Not surprisingly, diazomethane methylated the more acidic 
tautomer in the equilibrium mixture. Analogou s behaviour ha s 
been observed for 8-acetyl-1-naphthoic aci8 5 (94) a nd this 
compound is known to exist predominantly as the six-membered 
pseudo-acid (95) . Me thyl a- collatolate (9)) obviously a ri ses 
(94) (95) (96) 
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from further methylation of the 4-hydroxy group of methyl 
alectoronate (93). Prolonged treatment of alectoronic acid 
with diazomethane proceeded with partial cleavage of the 
depsidone-ester linkage and yielded methyl 2'-0-methyl- a-
collatolate (96), methyl 4'-Q-methyl-p-collatolate (97) and 
methyl 2', 4' -di-0-methyl- p- collatolate ( 98 ) . Methyl 4' -0-
methyl-p-collatolate (96) was not i so lated f r om this reaction 
(97) R= H 
(98) R=CH 3 
by earlier worker~~ The facility with which the depsidone-
ester group was cleaved in this reaction could possibly be 
attributed to neighbouring group participation by the adjacent 
2-oxoheptyl group ( Scheme 18). 
(91) 
OH 
Scheme 18 
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In marked contrast, esterification of alectoronic acid 
with methanol containing a catalytic quantity of sulphuric 
acid proceeded at room temperature to giv e a mixture of the 
pseudo-esters (99) and (l(X)), and a small quantity of the 
methyl ester (101). 
H 0 
(99) 
(100) R=CH 3 
(101) R=H 
The pseudo-esters (99) and (:l(X)) exhibited methyl 
s i gna 1 s in the i r p . m . r . spec tr a ( at O 6 . 5 6 and 6 . 7 0 re spec ti v -
ely) in the region typical for methyl ether~; This, and the 
presence of a typical 2H AB pattern in each sp ctrum, 
assigned to the ring methylene protons centred at O 3. 46, 3. 84 
for (99) and02.96, 3.31 for (100), with geminal coupling 
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constant s of 17 Hz confirmed the pseudo-ester s tructure of 
these compound s . Obvious ly methanolys is of the dep s idone 
-ester linkage and este ri fication of the acid f unction of 
alectoronic acid o c cur at comparab l e rate s under these cond-
itions. When the esterif icat ion was carried out in r ef luxing 
methanol, the dimethyl ester (102) was the majo r p roduc t. Thus 
the formation of the p seudo- ster s (99) and ( lCXJ) substanti a t e d 
the existence of the p seudo- a cid tau t ome ri c form of a le c tor-
onic acid itself. 
It is interesting to s p cu l ate why such ring - c hain 
tautornerisrn has not been obse rved previously i n simple benz-
. d d66 eno1. cornpoun s. Pos s ibly the corresponding pseudo-acid 
tautorners are destabili sed relative to that of al e ctoronic acid 
where the particular substitution pattern and s tereocherni stry 
may favour the cyclic pseudo-acid struc ture (i.e. this may 
well be stabilised by hydrogen bonding with the 2'-phenoli c 
hydroxy group). 
Obviously the c lo sely r e lated d e p s idone , o- co lla toli c at!J b 
(103) and the lichen depsides g lome lli c a~icl 1 (16) , ~icrophyll-
inic aciJO ( 3 ) and arthoniac aci~9 ( 15) would b exp c ted to 
exhibit analog ous ring-chain tautome ri sm. 
OOH 
(103) 
In orde r to i n ves iga e this possibility, o- co lla toli c 
f ' 
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acid was prepared from alectoronic acid in the following 
manner. Benzylation of alectoronic acid with phenyldiazo-
methane gave the nonnal ester, benzyl alectoronate (104). 
Treatment of this compound with diazomethane produced benzyl 
a-collatolate ~05) and hydrogenoly sis of the latter ester 
over platinum oxide gave the required a- co llatolic acid. 
R OOCH 2 ¢ (104) R=H 
(105) R==CH 3 
The p.m.r. spectrum of this acid at room temperature and at 
-50° were entirely analogous to those of alectoroni c acid, 
thus confinning that this depsidone also exists predominantly 
in the pseudo-acid tautomeric fonn, . i. e. (103b). 
(103b) 
The lichen depside microphyllinic acid ( 3) was also 
examined and at room t mperature the p.m.r. spectrum exhibit d 
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a sharp 2H methylene singlet at 4.12 and a very broad 2H 
methylene singlet at higher field (03.40). Although there 
was insufficient material to obtain satisfactory spectra at 
low temperature, the chemical shift and the nature of the 
methylene signals at room temperature indicated that this 
compound also existed predominantly a s the pseudo-acid 
tautomer ( 3b). 
00 OOH 
(3a) 
~ 
0 
HO 
(3b) 
r 
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EXPERIMENTAL SECTION 
General 
Infrared spectra were r eco rded on a Unicarn SP200G 
spectrophotometer as nujol mulls unles s otherwise specified 
and the measurements are given in wavenumbers. Unless 
otherwise stated, ultraviolet spectra were recorded in 90% 
ethanol solution on a Unicarn SP800 instrument and the 
measurements are given in nanometres. P.m.r. spectra were 
recorded at 100MHz on a JEOL JNM-MH-100 spectrometer, and 
chemical shifts were measured on the o scale relative to 
tetramethylsilane as internal standard. Low resolution mass 
spectra were recorded on a Varian MAT-CH7 instrument at 70eV 
using the direct insertion technique. High resolution mass 
spectra were recorded on an A.E.I. MS902 spectrometer. Analyses 
were performed by the A.N.U. Microanalytical Service under 
the direction of Miss B. Stevenson and Dr. J.E. Fildes. Melting 
points were determined on a Gallenkamp melting point apparatus 
and are uncorrected. 
Light petroleum refers to the fraction_ b.p. 40-60°. All 
layer chromatograms were carried out on thick-layer plates 
(thickness 0.1 cm) using silica gel (Merck PF 254+366 ) as 
adsorbent. Bands on thick-layer plates were detected by 
exposure to short wavelength ultraviolet light. 
so 
1-(3' ,5'-Dimethoxyphenyl)-2-nitrohept- 1-ene (20) 
A solution of 3,5-dimethoxybenzaldehyde (23g), 1-
nitrohexane ( 22g) and butylamine (3.5ml) in toluene (35ml) 
was boiled under reflux in a Dean-Stark water separator 
for 30 h. The solvent was then removed under reduced 
pressure and the residue chromatographed on a column of 
silica gel (7 by 44cm) with 8% ethyl acetate-n-hexane as 
eluent. The first fraction yielded 1-(3' ,S'-dimethoxy-
phenyl)-2-nitrohept-1-ene (20) (30g, 85%) as a yellow 
liquid which distilled at 85° /0.2mm (Found: mol. wt, 279. 
1470. c15H21No 4 requires mol. wt, 
-1 1598 (C=C) cm ; A 215 (£13600), 
max 
279.1470). V (film) 
max 
318 (7900) nm. P.m.r. 
(CDCl 3)o0.92 (3H, m, CH 2CH 3), 1.12-1.80 (6H, m, (CH 2) 3CH 3), 
2. 8 5 (2H, t, J 8 Hz, ArCH 2), 3 . 82 (6~, s , OMe), 6.58 (3H, s , 
+ ArH), 7.98 (lH, s, CH=C). Mass spectrum m/e 279 (M, 38%), 
233 (100). A slower-moving band yielded unchanged 3,5 -
dimethoxybenzaldehyde (3 .lg ) . 
Attempted Fonnylation of 1-(3' ,5'-Dimethoxyphenyl)~ 2-nitrohept -
-1-ene (20) 
(i) With dimethylfonnamide and phosphorus oxychloride.-
Phosphorus oxychloride (0. 79ml) was added dropwise to ice-cooled 
dimethylf?rmamide (2 ml). The resultant solution was allowed 
to warm to room temperature and then added dropwise to 1-(3', 
S'-dimethoxyphenyl)-2-nitrohept - 1-ene (20)(2.0 g) in dimethyl-
formamide (1.5 ml). The resultant solut i on was then heated 
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0 
at 100 for 2 h but, after the usual workup procedure, no 
aldehyde products could be detected. 
(ii) With 1,1-dichloromethyl methyl ether and titanium 
(iv) chloride.- Titanium (iv) chloride (1.6 ml) in dichloro-
methane (3 ml) was added dropwise to a stirred solution of 
/ and 1,1-dichloromethyl methyl ether (0.50 ml) 
the nitro olefin (20) (1.0g)~in dichloromethane (15 ml) at Ov . 
The cooling bath was then removed and after 5 min the solution 
was poured into cold dilute hydrochloric acid. Extraction 
with chlorofonn and subsequent isolation again gave a polymeric 
product with no aldehyde absorption in the p.m.r. spectrum. 
A similar result was obtained when this reaction was attempted 
0 
at -75. 
5,7-Diacetoxyphthalide (21) 
5,7-Diacetoxyphthalide (21) was prepared from 5,7-dihy-
67 68 
droxyphthalide by the method of Robertson and Stephenson. 
The crude product (95%) crystallised from methanol as colour-
a less prisms m.p. 108-109 (Found: C, 57.9; H, 4.3. c12H10o6 
requires C, 57.6; H, 4.0%); v 
max 
-1 1772 (C=O) cm ; 'A 214 
max 
(£ 7000), 238 (10000), 273 (1500), 280 (1 ~00) nm; p.m.r. 
(CDC1 3) 0 2.34, 2.41 (each 3H, s, COCH 3), 5.29 (2H, s, ArCH 2) 
and 7.00, 7.19 (each 1H, d, J 2Hz, ArH); mass spec. m/e 2 r0 
(M+, 11%), 166 (100). 
Benzyl 2-Fonnyl-4,6-dihydroxybenzoate (25). 
5,7-Diacetoxyphthalide (21) (13.4g) was photobrominated 
36 by the method of Brown and Newbold and the crude product 
was dissolved in dilute hydrochloric acid (2M, 350 ml) and 
dioxane (200 ml) and ha il u nci r r f lu x fo r 1. 1 h. Th 
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cooled solution was extracted with ethyl acetate and the 
ethyl acetate fraction washed in turn with water and satu-
rated brine. This solution was then dried (MgS0 4 ) and the 
ethyl acetate evaporated. Excess ethereal phenyldiazome-
69 
thane was added to the concentrate and after standing 
overnight, glacial acetic acid (1 ml) was added and then 
the solvent was evaporated. Chromatography of the residue 
with 35% ethyl acetate - light petroleum gave benzyl 
2-fonnyl-4,6-dihydroxybenzoate (25) (3. 7 g, 25%) which 
crystallised from chlorofonn as colourless needles, m.p. 
0 171-172 (Found: C, 65.8; H, 4.5 c15H12o5 requires C, 66.2; 
H, 4.4%); -1 v 1697 (C=O) cm ; 
max 
A 216 (t 18900), 233 
max 
(25600), 273(9900), 325(7500) nm. P.m.r. (CD 3COCD 3 ) O 5.52 
(2H, s, CH 2), 6.64, 6. 77 (each lH, d, J 3Hz, H3 , H5), 7.36-
7.64 
OH); 
(SH, m, CH 2C6H5 ), 10.48 (lH, s, CHO) and 
+ 
mass spec. m/e 272 (M, 1%), 91(100). 
11.0 (2H, bs, 
Benzyl 2-Fonnyl-4,6-dimethoxybenzoate (26) 
(i) 5, 7-Dimethoxyphthalid~ 7(22) (1.2 g) was photobromi-
nated as described above for 5,7-diacetoxyphthalid~. the 
crude product so obtained, was hydrolysed by boiling under 
reflux in aqueous dioxane (SO ml, 50%) for 24 h. The solvent 
was then removed and the residue taken up in ethyl a c etate and 
the solu(ion extracted twice with aqueous NaHC0 3 solution. 
The aqueous portions were combined, ac i dified and extracted 
with ethyl acetate. This ethyl acetate solution was washed 
with water, saturated brine and was then concentrated. The 
r 
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residue obtained was benzylated by the standard procedure 
using benzyl bromide, potassium hydro g en carbonate and 
22 
acetone. Chromatography of the crude product using 35% 
ethyl acetate-light petroleum gave benzyl 2-formyl-4,6-
dimethoxybenzoate (26) (0.9 g, 49%) as a colourless oil 
(Found: C, 67.6; H, 5.8. c17 H16o5 requires C, 68.0; H, 5.4%); 
-1 \ V (film) 1730, 1710 (C=O) cm ; I\ 227( c 11900), 265 
max max 
(4300), 326(2600) nm. P.m.r. (CDC1 3 ) 0 3.81, 3.84 (each 3H, s 
OMe), 5.43 (2H, s, CH 2), 6. 70, 6.97 (each 1H, d, J 3Hz, H3 , H5), 
7.30-7.56 (SH, m, CH 2C6H5 ) and 9.9 8 (1H, s, CHO); mass spec. 
+ 
m/e 300(M, 2%), 209(100). 
(ii) Benzyl 2-formyl-4,6-dihydroxybenzoate (25) (0.5 g) was 
methylated by the standard procedure using dimethyl sulphate, 
22 potassium carbonate and acetone. Chromatography of the 
crude product using 30% ethyl acetate-light petroleum as 
eluent afforded two major bands. The faster moving band 
yielded benzyl 2-formyl-4,6-dimethoxybenzoate (26) (0.4g, 
73%) identical with the material obtained above. The slower 
band contained methyl 2,4-dimethoxy-6-(3'~oxo-1'-butenyl) 
benzoate (0.1 g, 20%) which crystallised from toluene-cyclo-
o hexane as colourless needles, m.p. 89-90 (Found: C, 63.6; 
H, 6. 2. 
-1 ( C=O) cm _ ; 
V 1720 
max 
A 212 (£ 14000), 240(28300), 292(15900), 341 max 
(sh)(2700) nm. P.m.r. (CDC1 3 ) 6 2.37 (3H, s, COCH 3), 3.86, 3. 88 , 
3.96 (each 3H, s, OMe), 6.56, 6. 73 (eac h lH, d, J 2Hz, H
3
, H
5
) 
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and 6.64, 7.57 (each 1H , d , J 16Hz , CH=CH) ; mass spec . m/e 
264 (M+, 5%), 221(100) 
Reaction of Benzyl 2-Formyl-4,6-dihydroxybenzoate (25) with 
1-Nitrohexane and 1-Aminobutane 
A solution of the formyl-ester(25) (0.5 g) , 1-nitro-
hexane (0.27 g) and 1-aminobutane (0.05 ml) in anhydrous 
toluene (10 ml) was boiled under reflux in a Dean- Stark 
water s eparator for 24 h. The solvent was evaporated a nd 
the residue chromatographed using 45% ethyl acetate-light 
petroleum. Two major bands developed. The faster moving 
band contained unreacted benzyl 2-formyl-4,6-dihydroxy-
benzoate (0.25 g) while the slower band yielded 2-butyl-5, 
7-dihydroxy-3-(1'-nitrohexyl)phthalimidine ( 27) (0.11 g, 17 %) 
which crystallised from carbon tetrachloride as colourless 
0 plates, m.p. 148-150 (Found: C, 61.5; H, 7. 7; N, 7. 7. 
c 18H26N2o5 requires C, 61. 7; H, 7.5; N, 8 . 0%); V max 1653 
-1 (C=O) cm ; 'A 222( £ 17200), 257(11100 ), 297(4400) nm. P.m.r. 
max 
(CDC1 3 , CD 3 S0CD 3 ) o O. 78-1.06 (6H , m, CH 2cH 3 ) , 1.18-2.38, 
2.94-3.22, 3.80-4.06 (total 14H , m, C(CH 2~4cH 3 and N(CH 2 ) 3 
CH 3), 4.87, 4.98 (total lH, vd, CHN0 2), 5 . 05 (1H , bs , ArCH), 
6.42, 6.55 (each 1H, bs, H4, H6), 8 . 66 , 9 . 88 (each 1H, bs, 
+ 27%), 220(100). mass spec. m/e 350(M, 
Reaction of Benzyl 2-Formyl-4,6-dimethoxybenzoate (26) with 
1-Nitrohexane and 1-Aminobutane. 
The formyl-ester (26) (0 .45 g) , 1-nitrohexane (0 .24 g) 
and 1-aminobutane (0.05 ml) in toluene (10 ml) were treated 
OH); 
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as described above. The crude product was chromatographed 
using 30% ethyl acetate-light petroleum and four major bands 
developed. 
The fastest moving band yielded benzyl 2-formyl-4, 
6-dimethoxybenzoate dibenzyl acetal (25 mg, 3%) as a 
colourless oil (Found: C, 74.3; H, 6.0. c 31H30o6 requires 
-1 C, 74.7; H, 6.1%); . v (film) 1725 (C=O) cm ; A 216 
max max 
(£21000), 239 (sh)(5600), 288(5500) nm. P.m. r. (CDC1 3) 0 
3.80 (6H, s, OMe), 4.53 (4H, s, OCH 2), 5.14 (2H, s, co 2cH 2), 
5.94 (1H, s, CH(OAr) 2), 6.46, 6.91 (each 1H, d, J 2Hz, H3 , H5), 
+ 
mass spec. m/e 498(M, 2%), 91(100). 
The second band contained unreacted benzyl 2-formyl-4, 
6-dimethoxybenzoate (0.1 g) while the third band yielded 
2-butyl-5,7-dimethoxy-3-(1'-nitrohexyl)phthalimidine (28) 
(60 mg, 11%) which distilled at 90°/0.2 mm as a colourless 
oil (Found: C, 63.5; H, 8.2; N, 7.0. c 20H30N2o5 requires 
-1 (film) 1690 (C=O) cm ; C, 63.5; H, 8.0; N, 7.4%); V 
max 
'A. 220( £ 22800), 257( 10900), 296(4800) _ nm. P.m. r. (CDC1 3) max 
0 0.70-1.00 (6H, m, CH 2CH 3), 1.04-2.28, 2.85-3.13, 3. 75-4.14 
(total 14H, m, C(CH2) 4cH 3 , and N(CH 2) 3cH 3), 3.89, 3.94 (each 
3H, s, OMe), 4. 70, 4. 81 (total 1H, vd, CHN0 2), 5.10 (1H, bs, 
ArCH), 6.49, 6.55 (each 1H, d, J 2Hz, H4 , H6); mass spec. m/e 
378(M+, 10%), 248(100). The final band contained 3-hydroxy-
5,7-dimethoxyphthalide (30 mg, 10%) which crystallised from 
0 
chloroform-cyclohexane as colourless plates, m.p. 191-192 
( 11·t?O 193-196°) (F d C 57 3 H 5 0 C 1 f oun : , . ; , . . a c. or 
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c
10H10o5 , C, 57.1; H, 4.8%). 
1-(3' ,5'-Dimethoxyphenyl)heptan-2-one (29) 
A s olution of 1-(3' ,5'-dimethoxyphenyl)-2-nitrohept-1-
ene (20) (28 g) in glacial acetic acid (300 ml) containing a 
suspension of 10% palladium on carbon (1.5 g) was stirred in 
an atmosphere of hydrogen for 9 h. The catalyst was then 
filtered and the solvent evaporated under reduced pressure. 
The residue was dissolved in 60% aqueous ethanol (200 ml) 
containing sodium metabisulphitl 1(30 g) and the resultant 
mixture was boiled under reflux for 3 h. The cooled solution 
was diluted with water (400 ml) and extracted twice with ether. 
The combined ethereal solution was washed with water and 
saturated brine, then dried (MgS0 4 ) and concentrated to give 
1-(3' ,5'-dimethoxyphenyl)heptan-2-one (29) (22 g, 88%) as an 
oil which distilled at 130°/0.2 mm (lit~6 145°/0.5 mm). 
6-Butyl-7-ethoxy-2,4-dimethoxy-1-naphthaldehyde (32) 
A stirred solution of the ketone (29) (0.44 g) and ethyl 
orthoformate (6 ml) in benzene (10 ml) was cooled to -5° and 
freshly pulverized aluminium trichloride (1.5 g) was added. 
Stirring was continued for 1.5 hat this temperature and then 
for 0.5 hat room temperature. The reaction mixture was then 
poured into cold dilute hydrochloric acid. The product was 
extracted into chloroform and the chloroform extract was dried 
(MgS0 4 ) and concentrated. The residue was recrystallized from 
methanol to give 6-butyl-7-ethoxy-2,4-dimethoxy- 1-naphtha ldetyde 
(32) (0.3 g, 54%) as pale orange plates, m.p . 161-162° (Found : 
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C, 71.6; H, 7.8. c 19H24o4 requires c, 72.1; H, 7. 7%). V 1641 max 
-1 (C=O) cm ; 'A 231(£ 17300), 247(141 00 ), 262( 8100), 267(sh) 
max 
(10500), 349(6300) nm. P. m.r. (CDC1 3) 0 0. 84-1.04 ( 3H, m (CH 2) 2 
CH3), 1.20-1.80 (4H, m, (CH 2) 2cH 3), 1.48 (3H, t, J 8Hz, OCH 2 
CH 3), 2. 70 (2H, t J 8Hz, ArCH 2), 3.93, 3.99 (each 3H, s, OMe), 
4.21 (2H, q,J 8Hz, OCH 2), 6.27, 7. 8 1, 8 . 8 1 (each 1H, s, ArH), 
10.61 (1H, s, CHO). Mass spec. m/e 316(M+, 100%). 
Fonnylation of 1-(3', 5'-Dimethoxyphenyl)heptan-2-one(29) 
A stirred solution of the ketone (29) (0.5 g) and 1,1-
dichloromethyl methyl ether (0.24 ml) in di chloromethane (20 ml) 
was cooled to -35°. Titanium (iv) chloride (0.45 ml) in 
dichloromethane (10 ml) was added dropwise over 0.5 h, and then 
stirring continued for a further 0.5 hat this temperature. 
The reaction mixture was then poured into cold dilute hydrochloric 
acid and the suspension extracted into chloroform. The chloro-
fonn solution was dried (MgS0 4 ) and concentrated to give an oil 
which was chromatographed, with 25% ethyl acetate-light 
petroleum as eluent. Three major bands developed, the foremo s t 
containing unchanged ketone (29) (0.16 g ). _The s econd band 
yielded 2,4-dimethoxy-6-(2'-oxoheptyl)benzaldehyde (30) (0.1 g , 
18%) which crystallized from methanol as colourle s s needle s , 
0 
m.p. 98-99 (Found: C, 69.1; H, 8 .2. c 16H22o4 r e quires C, 69 . 0 
H, 8.0%). _ v 1713, 1669 ( C=O) 
max 
-1 
cm ; 'A 216( £ 7400), 235 
max 
(11000), 279(9700), 317(7400) nm. P.m.r. (CDC1 3 ) 0 0. 78-1.00 
(3H, m, CH 2CH 3), 1.16-1. 76 (6H, m, ( CH 2) 3cH 3), 2. 58 (2H, t, J 
7Hz, CH 2c 4H9 ), 3. 76, 3. 79 (each 3H, s, OMe), 3. 9 3 (2H, s, ArCH 2) 
6.15, 6.30 (each lH, d, J 2. 5 Hz , H 3 , H'1 ) , 10 . 21 ( lH, s , CHO ) . 
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Mass spec. m/e 278(M+, 17%), 180(100). 
The f inal band contained 2,6-dimethoxy -4-(2'-oxoheptyl) 
benzaldehyde (31)(0.13 g , 23%) which crystallized f rom methanol 
0 
as colourles s needles, m. p . 86 - 87 (Found: C , 69.4; H, 8 .2. 
-1 
v 1720 , 1680 (C=O) cm ; 
max 
A 225(£9400) , 279(12 800), 327(3500) run. P.m.r. (CDC1 3 ) o max 
O. 74-1.00 (3H, m, CH 2CH 3), 1.10-1. 74 ( 6H, m, (CH 2) 3CH 3) , 2.48 
(2H, t, J 7 Hz, CH 2c4H9), 3.65 (2H , s , ArCH 2), 3.82 (6 H, s , 
OMe), 6. 34 (2H, s, ArH ) , 10.29 (1H, s , CHO). Mass spec . m/e 
278(M+, 20%), 180(100). 
Di-0-methylolivetonic Acid (17) 
A solution of s odium chlorite (0.24 g) in water (4 ml) was 
added to a stirred solution of the aldehyde (30) (0 .5 g) and 
sulphamic acid (0.26 g) in 50% aqueous dioxane(140 ml), and 
stirring continued at room temperature for 1 h. Ether ( 75 ml) 
was then added and the aqueous layer was separated, diluted 
with water (100 ml) and r eextracted with ether. The combined 
ethereal solution was washed with water, saturat ed brine, and 
then dried (MgS04 ). The residue obtained on evaporation of 
the ether was crystallized from benzene - light petroleum to give 
di-0-methylolivetoni c acid (17) (0 . 44 g , 83%) a s colourless 
0 . 32 0 
needles, m.p. 90 -91 (lit. 93 ). P.m.r. (CDC1 3 ) 6 0 . 80 - 0 . 99 
(3H,m, (c~ 2) 4CH 3), 1.20-1. 78 (6H , m, CH 2 (cH 2) 3cH 3) , 2 .49-2 . 73 
(2H, m, CH 2c 4H9), 3 . 83 , 3 . 98 (each 3H , s , 2 x OMe ) , 4 . 00 (2H , 
s, ArCH 2), 6.37, 6.44 (each 1H , d, J 2 Hz , H3 , HS). Mass 
spec. m/e 294 (M+, 15;~ 178(100) . 
59 
Di-0-methylolivetonide (18) 
Di-0-methylolivetonic acid(17)(0.29 g) in anhydrous toluene 
(5 ml) was treated with trifluoroacetic anhydride(0.8 ml) and the 
solution left to stand for 2 h. The usual workup gave di-0-meth-
ylolivetonide(18)(0.22 g,81%) which crystallised from aqueous 
ethanol as colourless prisms m.p.91-92°(li€~ 94°). P.m.r.(CDC1 3 )o 
0.80-1.04(3H, m,(CH 2 ) 4cH 3), 1.20-1.86(6H, m,CH 2(cH 2 ) 3cH 3), 2.49 
(2H,t,J 7 Hz,CH 2c 4H9 ), 3.93,4.00(each 3H,s,2x0Me), 6.15(1H,s,HC=C) 
6.39,6.SO(each 1H,d,J 2 Hz,HS,H7). Mass spec.m/e 276(M+,100%). 
Di-0-methylolivetonic Acid Methoxi~e (33) and its Benzylation 
Products 
To a solution of di-0-methylolivetonic acid (17)(0.16 g) in 
dimethyl sulphoxide(lO ml) was added a solution of O-methylhydrox-
44 
ylamine hydrochloride(0.08 g) in water(l ml). The resultant sol-
ution was heated at 60° for 20 min and then diluted with water (SO 
ml). The usual workup gave a mixture of (E) - and (Z) -di-0-me thyl-
olivetonic acid methoxime(33)(approx. 1:1,0.lSg,85%) as an oil. 
Benzylation of this mixture with benzyl bromide and potassium 
hydrogen carbonate in N,N-dimethylacetamide~ followed_ by chrom-
atography of the product with 30% ethyl acetate-light petroleum 
gave two principal bands. The fastest-moving band yielded benzyl 
(Z)- or (E)-4,6-dimethoxy-6-/2'-(0-methoxyimino)heptyl7benzoate 
(40 mg,21%) as a colourless oil (Found: C,69.5; H,7.8; N,3.5. 
c 24H31No 5 requires C,69.7; H,7.6; N,3 .4%). v max(film) 1730(C=O) 
-1 
cm . A 217(£18900), 246(sh)(4900), 285(2600)nm. P.m.r.(CDC1 3)o max 
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(2H , m, CH 2c 4H9 ), 3 . 66(2H , s , ArCH 2CN) , 3 . 80( 6H , s) , 3 . 87(3H , s , 
OMe ), 5.37(2H, s , OCH 2), 6. 34 (2H , s , H3 ,H 5) , 7 . 28 -7.5 8 (5H, s ,CH 2 
c 6H5 ). Mass spec . m/e 413(M+ , 8%) , 91(100) . The slower - moving band 
yielded benzyl (E) - or ( Z)-4,6-dimethoxy-6-/2'-(0-methoxyimino) 
heptyl7benzoate(0.05 g , 26%) as a colourless oil (Found : C,6 9 . 3; 
WWW 
H, 7 .7; N,3.2. c 24H31 No 5 requires 
- 1 1730(C=O) cm . A 217(£ 16 800 ), 
max 
C,69 . 7 ; H,7.6; N, 3 .4%) . v 
max 
246(sh)(5000), 284(2700)nm . 
P.m.r.(CDC1 3 ) 00. 72-1.00(3H, m, CH 2cH 3 ) , 1. 08 -1.48( 6H, mjCH 2 ) 3c H3 ) 
1.96-2.24(2H, m,CH 2c 4H9 ), 3 . 47(2H , s, ArCH 2CN) , 3 . 80( 6H, s) , 3 . 8 7 
(3H, s, OMe), 5.37(2H, s ,OCH 2 ) , 6.3 (2H,s,H3,H5), 7. 28 -7. 5 (SH,m,CH 2 
c6H5). Mass spec.m/e 41 3(M+ ,2%) , 91(100) . 
4-Benzyloxycarbonyl- 3 -methoxy-5-pentylphenyl 2,4-Dimethoxy-6-
(2'-methoxyarnino-1'-heptenyl)benzoate (34) 
Trifluoroacetic anhydride(0. 8 ml) was added to a solution 
of di-0-methylolivetonic a cid methoxime(33)(1 rnmole) and the ester 
(19)(1 mmole) in anhydrous toluene(1 0 ml) and the mixture stirred 
at room temperature for 2 h . The s olvent was then evaporated and 
the residue chromatographed using 30% ethyl a cetate-l ight petrol -
eum as eluent. Two major bands developed . The faster - moving band 
afforded the enarnine(34) (0 .1 0 g , 16%) as a colourless oil. v 
max 
- 1 (film) 3430(NH), 1730 (C=O) cm . A 279(£6 800 )nrn. P.m .r. (CDC1 3)o max 
0 . 96 -1.16(6H, m, CH 2CH 3 ) , 1 . 28 - 1.90(12H, m, (CH 2 ) 3cH 3), 2 . 54 -
2. 84 (4H, ~ ' CH 2c 4H9 ) , 3 . 90,4 . 02 , 4 . 04 , 4 . 09(each 3H , s , OMe), 5 . 59 
(2H,s,OCH 2), 6.6 8 ,6. 74 , 6 . 88 , 6 . 94(each 1H, d, J 2 Hz,H 3 , H5,H 3 '~ 5 ' ) , 
7.08(1H,s,CH=C), 7.52-7. 76(5H,m , CH 2c 6H5). Mass spec . m/e 478(11%) 
91(100) . The slower- moving band contained unchanged benzyl ester 
(19)(0.23 g) . No produ was obs rv d when h ab ov r a ion 
J 
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was repeated with dicyclohexylcarbodiimide as the condensing 
agent. 
Benzyl 2-0-Methylconfluentate (35) 
Treatment of the depside ester (34) (30 mg) with dilute 
hydrochloric acid (2 M) in dioxane(l:2) at room temperature 
for 24 h, followed by the usual workup, gave only recovered 
depside ester. However, when the depside ester (34) was 
left to stand in contact with the atmosphere for 6 months and 
then chromatographed with 30% ethyl acetate -l ight petroleum 
as eluent two principal bands developed. The faster-moving 
band contained unchanged depside ester (34) (10 mg) while 
the slower band yielded benzyl 2-0-methylconfluentate (35) 
(8 mg, 28%) which crystallized from toluene-cyclohexane as 
colourless prisms, m.p. 72-73° (Found: C, 71.8; H, 7.6. 
c36H44o8 requires C, 71.5; H, 7.3%). vmax 1742, 1736 (C=O) 
-1 
cm A 236(£2 8500) , 259(8900), 285(7000) nm. P.m.r. 
max 
(CDC1 3 ) O O. 72-0.96 (6H, m, CH 2cH 3), 1 . 08 - 1 . 72 (12H , m, (CH 2 ) 3 
CH 3), 2.40-2.64 (4H, m, CH 2c4H9), 3 . 84 (2H, s, ArCH 2CO), 3 . 86 
(3H, s), 3 . 91 (6H , s, OMe), 5 .42 (2H, s , OCH 2), 6.41 , 6.52 
(each 1H, d, J 2 Hz, H3, HS), 6. 72 (2H , s , HJ', HS'), 7.32-
+ 7.60 (SH, m, c 6H5). Ma ss spec . m/e 604 (M, < 1%), 277 (100). 
3,5-Dimethoxyphenylacetaldehyde (36) 
This compound wa s prepared from 2- (3 ' , 5 '-dimethoxyphenyl) 
72 . 47 
ethanol by the method of Ratcliffe and Rodehorst . The 
crude product (94%) distilled at 110 - 113°/0 . 5 mm (lit~6 109 -
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110°/0.5 rrun) to give 3,5-dimethoxyphenylacetaldehyde (36) as 
a colourless liquid. 
1-(2'-Benzyloxyheptyl~3 ,5-dimethoxybenzene (38) 
1- (3 ' ,5'-Dimethoxyphenyl)heptan- 2-ol (37) was prepared 
from 3,5-dimethoxyphenylacetaldehyde by the method of 
Bullimore e~ al~6 Sodium hydride (0.15 g , 60% dispersion in 
oil) was added to a soluti on of the alcohol (37) (0.45 g) and 
benzyl bromide (0.36 ml) in anhydrous dimethylformamide (10 
ml). The resulting solution wa s stirred at room temperature 
for 6 h, and then methanol (1 ml) was added. The solvent 
was evaporated under reduced pressure; the re sidue was dis-
solved in ethyl acetate and washed with water, saturated 
brine and then dried (MgS0 4 ). The solvent was evaporated and 
the residue chromatographed, 25% ethyl acetate-light petrol-
eum being used as eluent. The major band yielded 1-(2'-
benzyloxyheptyl)-3,5-dimethoxybenzene (38) (0.4 g , 66%) as 
a colourless oil. (Found: C, 77.6; H, 9.2. c 22H30o3 requires 
C, 77.2; H, 8.8%). 
' 
'A 213(£11000), 225(sh)(7100) , 274(1500) 
max 
281(1500) nm. P.m.r. (CDC1 3 ) 8 0. 76-1.02 - (3H, m, CH 2CH 3), 
1.16-1. 70 (8H, m, (CH 2) 4cH 3), 2.56-3.04 (2H, M, ArCH 2C), 
3.42-3.80 (lH, m, CHOCH 2), 3. 76 (6H, s , OMe), 4.41 (2H, s, 
CH 2c 6H5 ), 6.40 (1H, d, J 2 Hz, H4), 6.45 (2H , d, J 2 Hz, H2, 
H6), 7.34 (SH, s, c6H5). Mass spec. m/e 342(M+, 10%), 91 
(100). 
6-(2'-Benzyloxyheptyl)-2, 4 -dimethoxybenzaldehyde (39) 
Phosphorus oxychloride (0.15 ml) was added dropwise to 
anhydrous dimethylfonnamid (5 ml) and th r s ultant solu -
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ion was stirred at room temperature for 15 min . 1 - (2 '-
Benzyloxyheptyl)-3,5 -dimethoxybenzene (38) (0 .51 g) in 
anhydrous dimethylformamide (2 ml) was then added dropwise 
to the mixture and the resultant solution was stirred at 
room temperature for 24 h. The usual workup afforded an oil 
which upon chromatog raphy with 25% ethyl acetate-light pet-
roleum as eluent gave three major bands . The initial band 
contained unchanged starting material (40 mg). The second 
band yielded 6-(2'-benzyloxyheptyl ) - 2 ,4-dimethoxybenzaldehyde 
(39) (0.34 g, 62%) as a colourles s oil. (Found: mol. wt, 
370.2146. 
1680 (C=O) 
c 23H30o4 requires mol. wt, 370. 2144). v max (film) 
-1 
cm A 215(£12400), 235(13500), 280(11100), 
max 
317(7200) nm. p.m.r. (CDC1 3 ) O 0.76-1.0 8 (3H, m, CH 2CH 3), 
1.14-1. 74 (8H, m, (CH 2 ) 4cH 3 ), 2.94-3.40 (2H, m, ArCH 2C), 3.50 
- 3 . 72 (1H, m, CHOCH 2), 3 . 75, 3 . 82 (each 3H , s, OMe), 4.27, 
4.45 (each lH, d, J 11 Hz, CH 2C6H5 ), 6.32, 6.36 (each 1H, d, 
J 2 Hz, H3, HS), 7.17 (SH, s, c 6H5 ), 10.42 (lH, s ,CHO). Ma ss 
+ 
spec . m/e 370(M, 2%), 191 (100) . 
The slowest band yielded the isomeric aldehyde, 4-(2'-
benzyloxyheptyl)-2,6-dimethoxybenzaldehyde (40), (45 mg, 8%) 
as a colourless oil (Found: mol. wt, 370.2146. c
23
H
30
o
4 
requires mol. wt, 370.2144). -1 v 1689 ( C=O) cm . 'A 220 
max max 
(£12500), 281(11100), 323(2950) nm. P.m.r. (CDC1 3 ) o 0 . 76-
1.04 (3H, m, CH 2CH 3), 1.22-1.65 (8H, m, (CH 2) 4cH 3), 2.62-3.00 
(2H, m, ArCH
2
C), 3 . 50-3 . 6 (1H, m, CHOCH 2), 3 . 83 (6H, s, OMe ) , 
4.36, 4.54 (each 1H, d, J 11 Hz, OCH 2), 6.45 (2H , s , H3, HS), 
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7.20-7.44 (SH, m, c 6H5), 10.52 (1H, s, CHO). Mass spec. 
m/e 370(M+, 5%), 91(100). 
Oxidation of 6-(2'-Benzyloxyheptyl)-2,4-dimethoxybenzaldehyde 
( 39) 
A solution of sodium chlorite (0 . 86 g) in water (5ml) 
was added to a stirred solution of the aldehyde (39) (3.0 g) 
and sulphamic acid (1.24 g) in 50% aqueous dioxane (600 ml). 
The resultant solution was stirred for 1 hat room temper-
ature and then the product isolated as described previously. 
Approximately a 1:1 mixture (3.1 g) of 6-(2'-benzyloxyheptyl) 
-5-chloro-2,4-dimethoxybenzoic acid (42) and 6-(2'-benzyl-
oxyheptyl)-2,4-dimethoxybenzoic acid (41) was obtained. 
These acids were characterized as the corresponding methyl 
esters. Hence a portion of the mixture (0.5 g) was methyl-
ated with diazomethane and the product chromatographed using 
15% ethyl acetate-light petroleum as eluent. Two major 
bands developed. The faster band yielded methyl 6-(2'-
benzyloxyheptyl)-2,4-dimethoxybenzoate (0.2 g, 38%) as a 
colourless oil (Found: C, 71.6; H, 7. 8 . 
C, 72. O; H, 8.1%). V 
max 
c24H32~ 5 requires 
-1 (film) 1730 (C=O) cm . A 216 
max 
(£16100), 246(sh)(4200), 283(2600). P.m.r. (CDC1 3) 0 0.80 
-1.08 (3H, m, CH 2CH 3), 1.16-1. 70 (8H, m, (CH 2) 4cH 3), 2.61-
3.08 (2H, m, ArCH 2C), 3.48-3.82 (1H, m, CHOCH 2), 3. 75, 3.82, 
3.88 (each 3H, s, OMe), 4.42 (2H, s, OCH 2), 6.40, 6.46 (each 
1H, d, J 2 Hz, H3, HS), 7.32 (SH, s, c 6H5). Mass spec. m/e 
/' 
65 
400(M+, 2%), 91(100). The slower-moving band afforded 
methyl 6-(2'-benzyloxyheptyl)-5-chloro-2,4-dimethoxybenzoate 
(0.2 g, 35%) as a colourless oil (Found : C, 66.2; H, 7.0; 
Cl, 8.3. c 24H31c10 5 requires C, 66.3 ; H, 7.2; Cl, 8 .3%). 
-1 
v (film) 1730 (C=O) cm . A 217 (£18000), 238 (sh) 
max max 
(6100), 291(3000) nm. P.m.r. (CDC1 3) 6 O. 78-1.04 (3H, m, 
CH 2cH3), 1.12-1.66 (8H, m, (CH 2 ) 4cH 3), 2.80-3.40 (2H, m, Ar 
CH 2C), 3.60-3.86 (1H, m, CHOCH 2), 3.82 (6H , s) , 3.89 (3H, s 
OMe), 4.43, 4.51 (each 1H, d J 12 Hz, CH 2C6H5 ), 6.46 (1H, s, 
H3), 7.30 (SH, m, c6H5). 
(100). 
+ Mass spec. m/e 434 (M, 1%), 91 
Attempted Condensation of 6-(2'-Benzyloxyheptyl)-2,4-dimeth-
oxybenzoic Acid (41) and Benzyl 4-Hydroxy-2-methoxy-6-pentyl-
benzoate (19) 
(i) With Trifluoracetic anhydride. - A mixture of the 
acids described above (0.60 g) and benzyl 4-hydroxy-2-methoxy 
-6-pentylbenzoate (19) (0.50 g) in toluene (10 ml) were 
treated with trifluoroacetic anhydride (0.8 ml) in the 
usual manner. The resultant oil was c0romatographed using 
25% ethyl acetate-light petroleum as the eluent and three 
major bands developed. The initial band contained unchanged 
benzyl ester (19) (0.45 g) while the second band afforded 
6,8-d~methoxy-3-pentyl-3,4-dihydroi socournarin (43) (0.2 g, 
48%) as a colourless oil (Found : C, 68.5; H, 8 . 0 . c16H22o4 
requires C, 69. 0 ; H, 8 .0%) . -1 v (film) 1725 (C=O) cm . 
max 
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'A. 226(£12500), 263(11800), 298(5600) nm. P.m.r. (CDC1 3 ) max 
o 0.80-1.04 (3H,m,CH 2cH 3), 1.20-1.90(8H , m, (CH 2) 4cH 3), 
2.60-3.16 (2H, m, ArCH 2C), 3. 8 7, 3.91 (each 3H, s, OMe), 
4.20-4.48 (lH, m, CH 2CHO), 6.35, 6.43 (each lH, d, J 2 Hz, 
HS, H7). + Mass spec. m/e 278(M, 100%). The third band 
yielded 5-chloro-6, 8-dimethoxy-3-pentyl-3,4-dihydroisocoumarin 
(44)(0.2 g, 46%) which crystallized from carbon tetrachloride 
0 
as colourless prisms, m.p. 130-131 (Found: C, 61.2; H, 6. 8 ; 
Cl, 11.4. c 16H21c104 requires C, 61.4; H, 6.8; Cl 11.3%). 
-1 
v 1 71 9 ( C=O) cm 
max 
'A. 230( c 22900), 263( 14600), 308 
max 
(8150) nm. P.m.r. (CDC1 3 ) O 0.80-1.04 (3H, m, CH2cH 3), 1.22 
-1.98 (8H, m, (CH 2 ) 4cH 3), 2.56-3.35 (2H, m, ArCH 2C), 3.98, 
4.00 (each 3H, s, OMe), 4.24-4.48 (1H, m, CHOCH 2), 6.52 (1H, 
s, H7). Mass spec. m/e 312(M+, 100%). 
(ii) With Dicyclohexylcarbodiimide . - When dicyclohexyl-
carbodiimide was used in place of trifluoroacetic anhydride 
under the conditions outlined above only unchanged starting 
materials could be recovered, together with traces of the 
dihydroisocoumarins. 
General Procedure for Bromination with N-Bromosuccinimide 
To a stirred solution of the substrate (0.10 mole) in a 
chlorofonn-carbon tetrachloride solution (lOOml,1:1) at -1 0° 
and in the absence of light was added N-bromosuccinimide (0.1 
mole) in one portion. The cooling bath was removed after 
1.0 hand stirring of the reaction mixture continued for a 
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further 2.0 h. The mixture was then diluted with chlorofonn 
(50 ml) and extracted twice with water and once with saturated 
brine solution. The organic portion was dried (MgS04) and 
the solvent removed to afford the crude product. 
2-Bromo-3,5-dimethoxybenzyl alcohol (56) 
The crude product from the bromination of 3,5-dimethoxy-
benzyl alcohoi 3by the above method was crystallised from 
light petroleum -1,2-dichloroethane to give 2-bromo-3,5-
dimethoxybenzyl alcohol (56) (78%) as colourless needles 
0 
m.p. 108-109 (Found: C, 43.7; H, 4.5; Br, 32.5. c9H11Br0 3 
-1 3280(0H) cm . requires C, 43. 7; H, 4.5; Br, 32.4%). v 
max 
A 215( £ 7400), 228(7900), 285(2300) nm. P.m. r. (CDC1 3) max 
02.40(1H, s, OH), 3.83, 3.88(each 3H, s, OMe) , 4. 73 (2H, s, 
CH 2), 6.46, 6. 73 (each 1H, d,J 2Hz, H4, H6). Mass spec. m/e 
246 (M +, 100%). 
2-Bromo-3,5-dibenzyloxybenzyl alcohol (57) 
The crude product from the bromination of 3,5-dibenzyl-
oxybenzyl alcohoi4was crystallised from 1,2-dichloroethane 
to give 2-bromo-3,5-dibenzyloxybenzyl alcohol (57) (80%), as 
0 
colourless needles m.p. 95-96. (Found: C, 63.1; H, 5.2; Br, 
20.2. c21H19Br0 3 requires C, 63.2; H, 4.8; Br, 20.0%). V max 
-1 3330(0H) cm . Amax 216( £ 19000), 226(sh)(10600), 283 (2100), 
285(2200) run. P.m.r. (CDC1 3) 6 2. 73 (1H, s, OH), 4. 75 (2H, s, 
ArcH 2), 5.41, 5.11 (each 2H, s, OCH 2), 6.58, 6.84 (each 1H, d, 
J 3 Hz, H4, H6), 7.40 (10H, s, C6H5). 
5%), 91(100). 
+ Mass spec. m/e 398(M, 
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2-Bromo-3, 5-dimethoxybenzyl bromide (52) 
Freshly distilled phosphorus tribromide Q . 2 ml) in an-
hydrou s ether (10 ml) was added dropwi se to a sti rred solution 
of 2-bromo-3,5-dimethoxybenzy l alcohol (56) (18.0 g) in an-
hydrous ether (50 ml). The resultant solution was boiled 
under reflux for 3. 0 h, cooled , and diluted with water (100 
ml). The organic portion was separated , washed twice with water 
once with saturated brine solution, and dried (MgS0 4 ). The 
solvent was then removed and the crude product crystallised 
from methanol to afford 2- bromo -3,5-dimethoxybenzyl bromide 
(52) (19.0 g, 84%) as colourless needles m.p. 101-102° (lit? 3 
101-102°). 
2-Bromo-3,5-dibenzyloxybenzyl bromide (58) 
This compound was prepared from 2-bromo- 3 , 5-dibenzyloxy-
benzyl alcohol (57) (5 . 0 g) by the above method. The crude 
product was crystallised from methanol-ether to afford 2-bromo-
3,5-dibenzyloxybenzyl bromide (58) (4 .9 g , 85%) as colourless 
0 
needles m.p. 77- 78 (Found : C, 54 . 7; H, 4.1; Br, 34 . 7. c21 
H18Br2o2 require s C, 54 .6; H, 3 . 9 ; Br, 34 . 6%). A 223 ( £ max 
20900), 300(3100) nm. P.m.r. ( CDC1 3 ) O 4.57 (2H , s, CH 2Br), 
4.99, 5.07(each 2H, s , OCH 2), 6 .5 3 , 6 . 70 (each 1H , d,J 3Hz , 
H4, H6), 7.36 ( 10H, s, c6H5 ) . Mas s spec . m/e (M+, 10%), 91 
(100). 
2-Bromo-3,5-dibenzyloxybenzy l chloride (64) 
Freshly distilled thionyl chloride (4 . 0 ml) in anhydrous 
dichloromethane (10 ml) wa s added dropwise to a stirred sol-
uti on of 2-bromo - l , s -d· b nzyloxyh nzyl alcohol ( 57) (20 g) in 
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anhydrous dichloromethane (150 ml) and pyridine (4 . 0 ml) at 
o0 • The cooling bath was removed and the reaction mixture 
stirred for 3 . 0 hand then diluted with water (50 ml). The 
organic portion was washed twice with water, once with sat-
urated brine solution, and dried (MgS0 4). The solvent wa s 
removed and the residue crystallised from methanol-ether to af-
ford 2-bromo-3,5-dibenzyloxybenzyl chloride (6 4) (14 . 5 g, 69 %) 
0 
as colourless needles m.p. 78 -79 (Found: C, 60.6; H, 4. 5 ; 
Br, 18.6; Cl, 8 . 7. c21H18BrCl0 2 requires C, 60.4; H, 4.4; 
Br, 19.1, Cl, 8 .5%). 'A 222( £ 14800 ), 292 (3300) run. 
max 
P. m.r 
( CDCl 3) 6 4. 6 7 ( 2H, s, CH 2Cl), 5. 00, 5 . 06 ( each 2H, s, OCH 2), 
6.55, 6. 74 (each 1H, d,J 3 Hz, H4, H6), 7.36(10H, s, c6H5). 
+ Mass spec. m/e 418(M, 8%) , 91(100). 
Methyl 3-Hydroxy-5-methoxybenzoate (65) 
This compound was prepared f rom methyl 3 ,5-dihydroxy-
75 benzoate ( 50.0 g) by the method of Spath and Kromp . The 
crude product crystallised f rom light petroleum - 1,2-dichloro-
ethane to give methyl 3-hydroxy-5-methoxybenzoate (65) (21 . 7 
g, 40%) as colourless needles m.p. 96 - 97° ( Found: C, 59 . 6 ; H, 
5. 7. c9H10o4 requires C, 59 . 3 ; H, 5 . 5%) . vmax 3427(0H) , 
-1 1697 (C=O) cm . 'A 221( £ 7800) , 253(5700), 309(2600) run . 
max 
P.m.r. (CDC1 3)63.82, 3 . 93 (each 3H, s , OMe), 6 . 59 (1H , b r 
s, OH), 9. 71, 7.19, 7 .27 (each 1H, m, H2 , H4, H6) . Mass spe c. 
m/e 182(M+, 100%). 
3-Hydroxy-5-methoxybenzy l alcohol (66) 
A solution of methyl 3-hydroxy-5-methoxybenzoate (65) 
(20.0 g) in anhydrous tetrahydrofuran (50 ml) was added drop-
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wise to a stirred suspension of lithium aluminium hydride 
(4.1 g) in anhydrous tetrahydrofuran (50 ml). The resultant 
suspension was boiled under reflux for 3 . 0 h. The nonnal 
workup afforded 3-hydroxy-5-methoxybenzyl alcohol (66) (12.4 
g, 73%) which crystallised from chlorofonn as colourless 
0 . 76 0 
needles m.p. 83-85 (lit. 85 - 86 ). 
2-Bromo-3-Hydroxy-5-methoxybenzyl alcohol (6 8) 
To a stirred solution of 3-hydroxy-5-methoxybenzyl alcohol 
(66) (0.64 g) in tetrahydrofuran (20 ml) at o0 and in the 
absence of light was added N-bromosuccinimide (0. 74 g) in one 
portion. The cooling bath was removed after 1.0 h. The 
usual workup gave the crude product which was crystallised from 
chlorofonn to afford 6-bromo-3-hydroxy-5-metho~benzyl alcohol 
(67) (0.31 g, 32%) as colourless needles m.p. 155-156° (Found 
C, 41.5; H, 4.2; Br,34.4;C8H9Br0 3 requires C, 41.2; H, 3.9; 
Br, 34. 3%). v 3400, 3200(0H) cm- 1 . A 229( £ 6900), 285 
max max 
6 (2200) nm. P.m.r. (CDC1 3- D -D.M.S.O.) O 3 .00 (lH , br s, CH 2 
OH), 3.82(3H, s, OMe ), 4.59 (2H, s, CH 2), 6.37, 6. 72 (each 
1H, d,J 3 Hz, H2, H6), 9.05, (lH, s, OH) ~ Mass spec. m/e 
232 (M+, 100%). 
The mother liquor was concentrated and chromatographed 
with 40% ethyl acetate-light petroleum as eluent. The 
princip~l band afforded 2-bromo-3-hydroxy-5-methoxybenzyl 
alcohol (68 ) (0.27 g, 28%) which crystallised from chloro-
0 fonn-ether as colourless needles m.p. 101-102 (Found : C,41.3 
H, 4.2; Br, 34.4. c8H9Br0 3 requires C, 41.2; H, 3.9; Br, 34. 
71 
3%). v 3405, 3260(0H) 
max 
-1 
cm 'A 215( £ 8100), 224(7800), 
max 
285 (2300) run. P.m.r. (CDC1 3)o 2.22 (1H , br s, CH 20H) , 3. 72 
(3H, s, OMe ), 4.63 (2H , s , CH 2 ) , 6.44, 6.61 (each 1H, d,J 2 
Hz, H4, H6). Mas s spec. m/e 232 (M+, 100%). 
3-Hydroxy-5-methoxybenzyl chloride (70) 
This compound wa s prepared by the treatment of 3-hydroxy-
5-methoxybenzyl alcohol (66) (12.0 g) with thionyl chloride 
(6.0 ml) as outlined for the preparation of 2-bromo-3,5-diben-
zyloxybenzyl chloride (64), except that anhydrous tetrahydro-
furan was used as solvent. The crude product was chromato-
graphed using 20% ethyl acetate-light petroleum as elu ent to 
afford 3-hydroxy-5-methoxybenzyl chloride (70) (9.5 g , 71%) 
as a colourless oil (Found; C, 55.1; H, 5.5; Cl, 20.4. c8H9 
Cl0 2 requires C, 55.6; H, 5.3; Cl, 20.6%). V (film) 3380 max 
-1 (OH) cm . A 223( c 11800), 285(3600)nrn. P.m.r. (CDC1 3 ) max 
03. 74 (3H, s, 0Me ), 4.46 (2H, s, CH 2Cl), 6.43 (1H), 6.53 
(2H) (each d,J 3 Hz, H2, H4, H6), 6 . 85 (1H, br s, OH) Mass 
spec. m/e 172(M+, 9%), 43 (100). 
2-Bromo-3-Hydroxy-5-methoxybenzyl chloride (71) 
(i) 3-Hydroxy-5-methoxybenzyl chloride (70) (9 . 0 g) wa s 
brominated with N-bromosuccinimide and the crude product 
crystallised from 1,2-dichloroethane-hexane to afford 2-bromo-
3-hydroxy-5-methoxybenzyl chloride (71) (10.0 g , 76%) as 
colourless needles m.p. 73-74° (rapid heating) (Found : C, 
38.2; H, 3. 7 ; Br, 31 .4; Cl, 13 . 8 . c8H8BrCl0 2 requires C, 
38.2; H, 3.2; Br, 31.8; Cl, 14.1%) . -1 v 3230 (OH) cm . 
max 
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'),.. 219 ( £ 11600), 293(2 900) nm. P.m.r. (CDC1 3 ) o 3. 78 max 
(3H, s, OMe ), 4.65 (2H, s, CH 2Cl), 6.61, 6.6 8 (2H, d,J 2. 5 
Hz, H4, H6), 9.45 (1H, br s , OH). Mass spec.m/e 252 (M+, 100%). 
(ii) 2-Bromo-3-hydroxy- 5-methoxybenzyl alcohol ( 68) (0.20 
g) was treated with thionyl chloride (0 .1 ml) as outlined for 
the preparation of 3-hydroxy-5-methoxybenzyl chloride (70). 
The crude product was chromatographed using 15% ethyl acetate 
-light petroleum as eluent. The principal band afforded 2-
bromo-3-hydroxy-5-methoxybenzyl chloride (71) (0.18 g, 81%) 
which crystallised from 1,2-dichloroethane-hexane as c olourless 
needles m.p. 73-74° (rapid heating). 
3-Benzyloxy-2-bromo-5-methoxybenzyl chloride (72) 
Anhydrous potassium carbonate(12 g) was added to a 
solution of 2-bromo-3-hydroxy-5-methoxybenzyl chloride (71) 
(9.0 g) and benzyl bromide(4. 7 ml) in anhydrous acetone (150 
ml). The resultant suspension was boiled under reflux for 
2.5 hand cooled to room temperature. The usual workup gave 
an oil which was applied to a silica gel column ( 5 by 35 cm ) 
and eluted with 8% ethyl acetate-light p~troleum. The prin-
cipal fraction afforded 3-benzyloxy-2-bromo-5-methoxybenzyl 
chloride ( 7 2) (8.7 g, 71%) which crystallised from methanol-
ether as colourless needles m.p. 80 - 81 ° (Found: C, 52.6; H, 
4.4; Br, 23.4; Cl, 10.6. c15H14BrCl0 2 requires C, 5 2. 7; H, 
4. 1; Br, 23.4; Cl, 10. 4%). 'A 293 ( £ 16200), 220 (3200) 
max 
P.m.r. (CDC1 3) 0 3.78(3H, s, OMe ), 4. 72(2H, s, CH 2Cl), 5.11 
(2H, s, OCH 2), 6.50, 6.69 (each 1H, d,J 3 Hz, H4, H6), 7.31 
nm 
73 
-7.56(5H, m, c6H5 ). Mass spec. m/e 342(M+, 9%), 91(100). 
General Procedure for the Preparation of Dithianes 
A solution of (2-pentyl-1,3-dithian-2-yl) lithi~O(from 
.026 mole of 2-pentyl-1,3-dithiane) in anhydrous tetrahydro-
( ) h 1 d -75° furan 75 ml under a nitrogen atmosp ere was coo e to 
and the benzyl halide (.025 mole) added in one portion. The 
resulting mixture was stirred at -75° for 2.0 h, - 50° for 
0.5 hand then 0° for 12 h. The usual workup afforded the 
I· crude product. 
2-(3' ,5'-Dimethoxybenzyl)-2-pentyl-1,3-dithiane (49) 
Reaction of 3,5-dimethoxybenzyl bromide (.025 ~ale) by 
the above procedure gave an oil which was applied to an 
alumina column ( 5 by 18 cm) and eluted with 5% ethyl acetate-
light petroleum. The first major fraction afforded 2-(3' ,S'-
dimethoxybenzyl)-2-pentyl-1,3-dithiane (491 (78%) as a colour-
less liquid (Found: C, 63.1; H, 8.5; S, 18.6. c 18H28o2s2 
requires C, 63.5; H, 8.3; S, 18.8%). 'A 214 ( £ 11300), 226 
max 
(sh)(8700), 277(1700), 284(1800)nm. P.m.r. (CDC1 3 ) 0 0. 78-1.04 
(3H, m, CH 2CH 3), 1.18-2.06(10H,'rn, (CH 2 ) 4cH 3 , SCH 2CH 2), 2. 74 
-2.98(4H, m, SCH 2 ), 3.14(2H, s, ArCH 2), 3. 76(6H, s, OMe ), 
6.38(1H, d,J 2.5 Hz, H4'), 6.48(2H, d,J 2.5 Hz, H2', H6'). 
+ Mass spec. m/e 340(M, 100%) 
A second fraction afforded 1,2-di-(3' ,5'-dimethoxyphenyl) 
ethane (SO) (16%) which crystallised from chloroform-cyclo-
o hexane as colourless needles m.p. 104-105 (Found : C, 71. 7; 
H, 7.2; c18H22o4 requires 71.5; H, 7.3%). 'Amax (CHC1 3 ) 275 
( £3200), 281(3200) nm. P.m.r. (CDC1 3) 0 2.87 (4H , s, CH 2 ), 
I· 
3. 79(12H, s, OMe ), 6.40(6H, s, ArH). 
100%). 
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+ Mass Spec. m/e 302(M, 
2-(2'-Bromo-3' ,5'-dimethoxybenzyl)-2-pentyl-1,3-dithjane (53) 
The crude product from the alkylation reaction with 2-
bromo-3,5-dimethoxybenzyl bromide (52) wa s triturated with 
ether (50 ml) and the solid separated and recrystallised from 
ethyl acetate-ether to give 1,2-di-(2'-bromo-3' ,5'-dimethoxy-
o phenyl) ethane (54) (24%) as colourless plates m.p. 169-171 
(Found: C, 46.9; H, 4.6. c 18H20Br2o4 requires C, 47.0; H, 
4.4%). A (CHC1 3) 282 ( £ 5200), 287(5200) nm. P.m.r. (CD max 
Cl 3) 0 2.94(4H, s, CH 2), 3. 76, 3.83(each 6H, s, OMe), 6.56(4H, 
+ s, ArH). Mass spec. m/e 460(M ,2%), 300(100). 
The filtrate and mother liquors from the above crystal-
lisation were combined, concentrated, applied to an alumina 
column (5 by 20 cm) and eluted with 5% ethyl acetate-light 
petroleum. The only major fraction yielded 2-(2'-bromo-3', 
5'-dimethoxybenzyl)-2-pentyl-1,3-dithiane (53) (6.5 g, 39%) 
as a colourless oil (Found: C, 51.9; H, ~.7; S, 15.2. c 18H27 
B rO 2 S 2 require s C , 5 1 . 5 ; H , 6 . 5 ; S , 1 5 . 3 % ) . A 2 13 ( £ 12 8 0 0 ) max 
227(sh)(7700), 286(1800), 291(1800) nm. P.m.r. (CDC1 3) O O. 76 
-1.06(3H, m, CH 2cH3), 1.14-2.08(10H, m, (CH 2) 4CH 3 , SCH 2CH 2), 
2.80-3.0Q(4H, m, SCH 2), 3.50(2H, s, ArCH 2), 3.81, 3.85(each 
3H, s, 0 Me), 6.43, 6.79 (each 1H, d,J 3 Hz, H4', H6'). Mass 
spec. m/e 341(8%), 199(100). 
2-(2'-Bromo-3;5'-dibenzyloxybenzyl)-2-pentyl-1,3- dithiane(59) 
75 
(i) 2-Bromo-3,5-dibenzyloxybenzyl bromide (58) (4.0 g) 
underwent the alkylation reaction to afford 1,2-di(2'-bromo-
3' ,5'-dibenzyloxyphenyl)ethane (60) (0. 7 g, 21%) which 
crystallised from ethyl acetate as colourless prisms m.p. 170 
0 
-171 (Found: C, 66.2; H, 4.8; Br, 20. 8 . c 42H36 Br 2o4 require s 
C, 66.0; H, 4. 8 , Br, 20.9%) . 'A (CHC1 3) 283( £ 4800 ), 288 max 
+ (4800) nm. Mass spec. m/e 764 (M, < 1%), 91(100), and 2-(2'-
bromo-3' ,5'-dibenzyloxybenzyl)-2-pentyl-1,3-dithiane (59) (1. 7 
g, 35%) as a colourless oil (Found: C, 63.1; H, 6.2; Br, 11.2. 
C 3 OH 3 SB rO 2 S 2 require s C , 6 3 . 0 ; H , 6 . 2 ; Br , 11 . 2 % ) . A max 2 2 0 
( £ 18500), 287(2700), 292(2 800) nm. P.m.r. (CDC1 3) 0 O. 77-1.03 
(3H, m, CH 2cH 3), 1.17-2.ll(lOH, m, (CH 2) 4cH 3 , SCH 2CH 2), 2. 76 
-3.00(4H, m, SCH 2), 3.52(2H, s, ArCH 2), 5 .05, 5 .09(each 2H, 
s, OCH 2), 6.58, 6.93(each 2H, d,J 3 Hz, H4' ,H6'), 7.43(10H, s, 
C 6 H 5 ) . Mas s spec . m/ e 5 7 2 ( M + , < 1 % ) , 91 ( 10 0 ) . 
(ii) The crude product from the alkylation reaction with 
2-bromo-3,5-dibenzyloxybenzyl chloride (64) ( 8 .0 g) was 
applied to an alumina column ( 5 by 20 cm) and eluted with 
5% ethyl acetate-light petroleum. The one major f raction yield-
ed 2-(2'-bromo-3' ,5'-dibenzyloxybenzyl)-2-pentyl-1,3-dithiane 
(59) (8.1 g, 82%) . 
2-(3'-Benzyloxy-2'-bromo-5'-methoxybenzyl)-2-pentyl-1,3-
dithiane (73) 
This compound was obtained as a colourless oil (9.5 g , 
78%) from the reaction of 3-benzyloxy-2-bromo- 5-methoxybenzy l 
chloride (72) (8.4 g) by the above procedure (Found : C, 58 . 4; 
'I 
76 
Br, 13.0%). 'A 219( c 15800), 286(2700), 291(2700) nm. 
max 
P.m.r. (CDC1 3)o O. 78-1.00(3H, m, CH 2CH 3), 1.18-2.04(10H, m 
(CH 2) 4cH 3 , SCH 2CH 2), 2.80-2.98(4H, m, SCH 2), 3.52(2H, s, Ar 
CH 2), 3. 79(3H, s, 0 Me), 5.13(2H, s, OCH 2), 6.51, 6.85(each 1H, 
d , J 2.5 Hz, H4' ,H6'), 7.33-7.63(5H, m, c 6H5). Ma ss spec. 
m/e 494(M+, < 1%), 91( 100). 
6-Butyl-7-(3'-mercaptopropylthio)-2,4-dimethoxy-1-naphth-
aldehyde (51) 
Freshly distilled phosphorus oxychloride (0.2 ml) was 
added dropwise to anhydrous dimethylformamide (5 ml) and the 
resultant solution stirred at room temperature for 15 min. 
The dithiane (49) (0.27 g) in anhydrous dimethylformamide 
(2 ml) was then added and the reaction mixture stirred at 
room temperature for 20 h. The usual workup gave an oil 
which was chromatographed with 25% ethyl acetate-light 
petroleum as eluent. The principal band afforded 6-butyl-7-
(3'-mercaptopropylthio)-2,4-dimethoxy-1-naphthaldehyde (51) 
(0.17 g, 57%) which crystallised from toluene-cyclohexane as 
0 pale yellow prisms, m.p. 102-103 (Found: C, 63.2; H, 6.9; 
S, 16.9. c 20H26o3s2 requires C, 63.5; H, 6.9; S, 16.9%). 
-1 
v 1650 (C=O) cm . A 211( £ 13900), 240(25700), 253 
max max 
(26900), -275(sh)(22100), 282(2400), 356(12700)nrn. P.m.r. 
(CDC1 3) 0 0.85-1.10(3H, m, CH 2CH 3), 1.21-1. 85 , 2.03-2.33, 
2.65-2.97, 3.17-3.37 (total 12H, m, (CH 2) 3cH 3 , S(CH 2) 3), 
3.97, 4.02(each 3H, S, OMe), 6.35, 7.88, 9.33(each 1H, s, 
ArH), 10.69(1H, s, CHO). Mass spec. m/e 378(M+, 100%). 
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General Procedure for the Preparation of Carboxylic Acids 
(54), (74), and (76). 
Butyllithium (2.05 ml, 2.0 M solution inn-hexane) was 
added dropwise to a stirred solution of the dithiane (2.0 m 
mole) in anhydrous hexane-tetrahydrofuran (37.5 ml, 2.75:1) 
0 
at -75 in an atmosphere of nitrogen. The solution was 
stirred at -75° for 0.5 hand then a slow stream of anhydrous 
carbon dioxide was bubbled through the solution for 2 h. The 
cooling bath was removed and the stream of carbon dioxide 
maintained for a further 2 h. The reaction mixture was then 
poured on to an ice-cold dilute hydrochloric acid solution 
(2 M) and extracted twice with ether (50 ml). The ethereal 
portion was extracted twice with dilute sodium hydroxide 
solution ( 2 M) and the combined aqueous solutions acidified 
and extracted twice with ether (50 ml). The combined ether-
eal portions were washed once with water, once with saturated 
brine solution, dried (MgS0 4 ), and concentrated to afford the 
product. 
2,4-Dimethoxy-6-/-(2'-pentyl-1~3'-dithian-2'-yl)methyl7benzoic 
- -
acid (54) 
This compound was obtained as a colourless oil in 82% 
yield by the above method (Found: C, 59. 7; H, 7.1; S, 17.0. 
c 19H28o4s2 requires C, 59.3; H, 7.3; S, 16. 7%). V max (film) 
-1 1697 (C=O) cm . A 
max 
220( £13000), 247(sh)(4400), 286(2300) 
run. P.m.r. (CDC1 3 ) o O. 75-1.00(3H, m, CH 2CH 3), 1.16-2.20(10H, 
m,(CH 2) 4cH 3 , SCH 2cH 2), 2. 78-3.00(4H, m, SCH 2), 3.60(2H, s, 
78 
ArCH ), 3 . 87, 3 . 90(each 3H, s , OMe), 6 . 50, 6. 76(each 1H , d, 2 
J 2 Hz , H3, HS), 10 . 12(1H, br s, OH). Mass spec . m/e 384 
(M+, 3%), 189(100) . When the above reaction wa s conducted 
in tetrahydrofuran a s solvent , the yield of the benzoic acid 
( 54) was 53%. 
2,4-Dibenzyloxy-6-[~2'-pentyl-1' , 3 '- dithian- 2 '-yl )methy!/ 
benzoic acid (74) 
Thi s compound was obtained as a colourl ess oil in 80% 
yield by the above method (Found: mol . wt. , 536 . 2055 . c31H36 
o4s2 requires mol. wt., 536 .2055) V (film) 3150(0H), 1700 max 
-1 (C=O) cm . 'A 219( c 22000), 247(sh)(5400), 287(2300) 
max 
nm . 
CH 3 , SCH 2CH 2), 2.60- 3 . 00(4H , m, SCH 2), 3 . 58(2H , s , ArCH2), 
5.07(4H, s, OCH 2), 6 . 55 , 6 . 80 (each 1H , d , J 1 Hz, H3,HS), 7 . 20 
-7.55(10H, m, c6H5), 10.2 7(1H, br s , OH). Ma ss spec . m/e 
536(M+, < 1%), 91( 100) . 
When t h e above reaction was conducted in tetrahydrofuran 
a s solvent, the yie ld of the benzoic acid (74) was 30% . 
2-Benzyloxy-4-methoxy-6-[ (2 '-pentyl -1' , 3 '- dithian- 2 '-y l) 
methy!7benzoic acid ( 76) 
This compound was obtained as a colourless oil in 79% 
yield by the a bove method (Found : mol . wt., 460 . 1742 . c25H32 
o4s2 requires 460.1742). v (film) 3400(0H), 1698 ( C=O) max 
-1 
cm . A 2 2 2 ( c 15 9 0 0 ) , 2 4 2 ( sh) ( 5 6 0 0 ) , 2 8 6 ( 2 10 0 ) , nm . P . 
max 
m. r. (CDC1 3) o 0 . 77 - 1.03(3H, m, CH 2cH 3 ) , 1.16-2.02(10H, m, 
79 
(CH 2) 4cH 3 , SCH 2cH 2), 2. 76-3.00(4H, m, SCH 2), 3.65(2H, s, Ar 
CH 2), 3. 82(3H, s, OMe), 5.15(2H, s, OCH 2), 6.53, 6. 74(each 
1H, d, J 2 Hz, H3, HS), 7.29-7.37(5H, m, c 6H5). Mas s spec . 
m/e 460 (M+, < 1%), 91( 100). 
General Procedure for the Preparation of Depside Esters 
The appropriate carboxylic acid[-(54), (74) or (76)7 
(1 rnmole) and ester /-(19) or (77)7were dissolved in an-
hydrous toluene (5 ml) and D.C.C. (1.5 rrmole) added. The 
solution was stirred at room temperature for 5 days, filtered, 
and the filtrate concentrated. The concentrate was adsorbed 
on a silica gel plate and eluted with 20% ethyl acetate-
light petroleum. Two maJor bands generally developed: the 
faster moving depside-ester and the slower moving unchange d 
phenolic ester. The fonner band was removed and extracted into 
ethyl acetate. Removal of the solvent gave the r espect ive dep-
side-esters (55),(78), (79) and (80). 
Benzyl 2-0-methylconfluentate Propane-1,3-diyl Dithioketa1(55) 
This compound was obtained in 27 % yield as a colourl ess 
oil -1 v (film) 1732 (C=O) cm . 
max 
'A 21sc ( 30200) , 248 
max - . 
(sh)(8300), 284(5800) nm. P.m.r. (CDC1 3)o O. 70-1 .00 (6H, m, 
CH 2CH 3), 1.08-2.08(16H, m, (CH 2) 4CH 3 , (CH 2) 3CH 3 , SCH 2CH 2), 
2.40-2.68(4H, m, ArCH 2c 4H9), 2. 72-3.00( 4H, m, SCH 2cH 2), 3.53 
(2H, s, ArCH 2cs), 3. 83, 3.86, 3.89(each 3H, s , OMe), 5.41(2H, 
s, OCH 2), 6.51, 6. 81(each 1H, d, J 2 Hz, H3,H5) , 6.82(2H,s, 
H3' HS') 
' ' 
+ Mass spec . m/ e 6 9 4 ( M , < 1 % ) 
358(100). 
Benzyl 2,4-di-O-benzylolivetorate Propane - 1 , 3 - diyl 
Dithioketal (78) 
80 
This compound was obtained in 52% yield and crystallised 
from light petroleum - 1,2-dichloroethane as colourless needle s 
0 
m.p. 69- 71 (Found: C , 71 .9; H, 7.2; S , 7 . 6 . c 50H56o 7s2 
requires C, 72 . 1 ; H, 6 . 8 ; S, 7 . 7%) . v 3390 (OH) , 1740 , 
max 
-1 \ 1660(C=O) cm . A 220( £ 38800) , 255(15200), 291(7300) nm. 
max 
P.m.r. (C DC1 3 ) 6 0 . 69 - 0 . 98(6H , m, CH 2CH 3) , 1,00-2,00(16H , m, 
(CH 2 ) 4cH 3 , (CH 2 ) 3CH 3 , SCH 2CH 2 ) . 2 . 58 -2.94 (6H , ArCH 2c 4H9 , SCH 2), 
3 .47( 2H, s, ArCH 2CS), 5.05 , 5 .lO(each 2H , s , OCH 2), 5.37(2H , 
s, co 2cH 2), 6.46, 6. 74(each 1H, d,J 2 Hz, H3' ,HS'), 6 .62, 6. 8 7 
(each 1H, d, J 2 Hz, H3, HS), 7 . 40(15H, br s, c 6H5 ) , 11.SO(lH, 
b r s , OH). Ma ss spec. m/ e 314(32%), 91(100) . 
Benzyl 2-0-benzyl-4-0-methylolive torate Propane -1,3-diyl 
Dithioketal (79) 
This compound was obtained in 73% yield and crystallised 
from light petroleum - 1 , 2-d ichloroethane as colourless plates 
0 
m.p. 115-116 (Found : C, 70 . 0 ; H, 6.8 ; S, 8 . 4 . c 44H52o 7s 2 
requires C, 69 . 8 ; H, 6 . 9; S, 8 . 5%) . v 1749, 1662 (C=O) 
max -
-1 
cm X 
max 
220( c 30400) , 253( 12900) , 289(6000) nm. P . m. r. 
(CDC1 3 ) o 0 .6 7- 0 . 98(6H , m, CH 2CH 3 ) , 0 . 98 - 2.00(16H, (CH2) 4cH 3 , 
(CH 2 ) 3CH 3 , SCH 2cH 2), 2 . 60 - 2.93(6H , m, ArCH 2c4H9 , SCH 2), 3 . 4 7 
(2H, s , ~rCH 2CS), 3 . 82(3H, s , OMe), 5 . 09(2H , s , OCH 2), 5 . 38 
(2H, s , co 2cH 2), 6.43, 6. 70(each lH, d, J 2 . 5 Hz, H3 ', HS'), 
6.53, 6. 76(each lH, d,J 2 . 0 Hz, H3, HS), 7 . 25-7 . 53(10H , m, c6 
H5). Mass spec m/e 314(13%), 91(100). 
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Benzyl 2-0-benzylconfluentate Propane - 1,3-diyl Dithioketal( 80) 
oil. 
This compound was obtained in 64% yield as a colourle ss 
- 1 \. 
v (film) 1732(C=O) cm . I\ 217( £ 28 500) , 245 
max max 
(sh)(9400) , 282(5400) nm. P.m.r. (CDCl) o 0 . 70-0 . 98 (6H , m, 
3 
CH 2cH 3), 0.98-2.02(16H, m, (CH2 ) 4cH 3iCH 2 ) 3cH 3 , SCH 2CH 2 ) , 2.32 
-2.52(2H, m, ArCH 2c 4H9 ) , 2. 72 -2. 95(4H, m, SCH 2), 3 . 50(2H, s , 
ArCH 2CS), 3.62, 3.85(each 3H , s , OMe), 5 . 09(2H , s , OCH 2), 
5.37(2H, s, co 2cH 2), 6.57(2H, s , HJ', HS'), 6.57, 6 . 80(each 
1H, d, J 2 Hz, HJ, HS) , 7.28-7. 52(10H, m, c 6H5 ) . Mass spec . 
m/e 557 (1%), 91(100). 
General Procedure for the Generation of the Ketone Function 
of the Depside-Esters 
Copper II chloride dihydrate(l.O mmole) and copper II 
oxide (2.0 mmole) were added in one portion to a stirred 
solution of the dep side-ester (0. 50 mmole) in 1% aqueous 
aceton~
5( 5 ml) at 50° . The re sultant suspension was stirred 
at 50° for 2 hand then diluted wi th ethyl acetate (20 ml) and 
filtered. The f iltrate was washed twice with water and once 
with saturated brine solution and then dri e d (MgS0 4 ) and 
concentrated. The residue was chromatog raphe d u s ing 30% 
ethyl acetate-light petroleum as eluent and one major band 
generally developed. This band was extracted into ethyl 
acetate and removal of the solvent afforded the produc t . 
Benzyl 2-0-methylconfluentate (36) 
This compound wa s obtained in 73% yield and c ry stallised 
from toluene-cyclohexane as colourless prisms m.p. 72-73° . 
(Found: C , 7 1 . 8 ; H, 7 . G. C II O . 7 1 r 7 recp 11 r< ''"' C , . ) ; 11, . r ".. ). 
\I, 11/• 1~ 
I,, 
V 
max 
1742, 1736(C=O) -1 cm A 
82 
236(£ 28500), 259(8900), 
max 
285(7000) run. P.m.r. (CDC1 3) 6 O. 72-0.96(6H, m, CH 2CH 3) , 
1.08-1.72(12H, m, (CH 2) 3cH 3), 2.40-2.64(4H, m, CH 2C4H9), 
3.84(2H, s, ArCH 2CO), 3.86(3H, s) , 3.91(6H, s , OMe), 5 .42 
(2H, s, OCH 2), 6.41, 6.52(each 1H, d, J 2 Hz, H3, HS), 6. 72 
(2H, s, H3', HS'), 7.32-7.60(5H, m, c 6H5). Mass spec m/e 
604(M+,< 1%), 277(100). 
Benzyl 2,4-di-O-benzylolivetorate( 81) 
This compound was obtained in 62% yield as a colourless 
oil (Found: C, 75.5; H, 6.9. c 47 H50o8 requires C, 76.0; H, 
-J \ 6.8%). v (film) 3390(0H), 1729, 1660(C=O) cm -. I\ 
max max 
221 
( £33200), 256(13700), 290(7200) run. P.m.r. (CDC1 3 ) o 0.69-
0.96(6H, m, CH 2cH 3), 1.00-1.80(12H, rn, (CH 2) 3cH 3), 2.45(2H, t, 
J 7 Hz, COCH 2), 2.59-2.85(2H, m, ArCH 2), 3.83(2H, s, ArCH 2CO), 
5.02(4H, s, OCH 2), 5.33(2H, s, co 2cH 2), 6.40, 6. 71(each 1H, 
d, J 2 Hz, H3', HS'), 6.45, 6.59(each 1H, d J 1 Hz, H3, HS). 
Mass spec. m/e 428 (1%), 91(100). 
Benzyl 2-0-benzyl-4-0-methylolivetorate (82) 
This compound was obtained in 57% yi~ld as a colourless 
-1 \ 
oil. v (film) 1752, 1721, 1660 (C=O) cm . I\ 224 
max max 
( £22900), 248(15100), 257(14800), 290(7300) run. P.m.r. 
(CDC1 3)00.68-0.96(6H, rn, CH 2CH 3), 0.98-l. 80(12H , m, (CH 2) 3 
CH 3), 2.4J(2H, t, 7 Hz, COCH2), 2.60-2.84(2H, m, CH 2c 4H9), 
3.78(3H, s, O~e), 3.86(2H, s, ArCH 2CO), 5 . 08(2H , s, OCH 2), 
5.37(2H, s, co 2cH 2), 6.38, 6.40, 6.53, 6.67(each lH, d,J 2 
Hz,H3, HS, H3', HS'), 7.22-7.60(10H, m, c 6H5). Mass spec. 
m/e 352(13%), 91(100). 
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Benzyl 2-0-benzylconfluentate (83) 
This compound wa s obtained in 59% yield as a co l ourles s 
oil (Found: C, 74.1; H, 6.9. c 24H48o 8 requires C, 74.1; H, 
-1 \ 7 .1%). v ( film) 17 30 (C=O) cm . I\ 21 8( £ 30900), 257 
max ma x 
(9100), 281(7000) nm. P.m.r. (CDC1 3 )00. 74-1 . 00(6H, m, CH 2 
CH 3), 1.04-1. 78(12H, m, (CH 2 ) 3cH 3), 2.26-2.60 (4H, m, CH 2c4H9 ) 
3.60,3. 74(each 3H, s, OMe), 3. 88 (2H, s , ArCH 2CO), 5 .0 3 (2H, s , 
OCH 2), S.35(2H, s, co 2cH 2), 6.38(1H, d, 2 Hz), 6.46-6.58(3H, 
m, H3, HS, H3', HS'), 7.22-7.54(10H, m, c 6H5). Mass spec. 
m/e 196(38%), 178(100). 
General Procedure for Hydrogenolysis of Depside-Esters 
The depside-esteri-(36), (81), ( 8 2) or ( 8 3)_7(0.Smmole) 
was dissolved in ethyl acetate (5 ml) containing 10% palladium 
-on-carbon (25 mg), and the suspension was stirred in an 
atmosphere of hydrogen for 12 h. The catalyst wa s then 
filtered and the solvent evaporated. The depside so obtained 
was crystallised from an appropriate solvent . 
2-0-Methylconfluentic Acid ( 14) 
2-0-Methylconf luentic acid (14) (56%) c ry s talli se d from 
0 
toluene-cyclohexane as colourless needle s m. p . 133 , a lone o r 
admixed with a portion of the natura l materia l (lit? 8 135-1 36°) . 
P.m.r. (CDC1 3 ) 0 O. 78-1.00(6H, m, CH 2cH 3), l . 06 -1. 80( 12H, m, 
(CH 2) 3CH 3), 2.50(2H, t, J 8 Hz, ArCH 2CO), 2. 78 (2H , t, J 7 Hz, 
ArCH 2), 3. 88 (2H, s, ArCH 2CO), 3.92(9H, s , OMe ) , 6 .40 , 6.52, 
(each 2H, d,J 2 Hz, H3, HS), 6. 77(2H, s, H3', HS'). Mass spec. 
m/e 277(22%), 276(100), 275(11), 247 (2 1), 238( 24), 2 21(13), 
220(42), 205(24) , 194 (25) , 1 1 (26) , 1 2( 49) , 181( 10 ), 17 (12) 
84 
178(69), 177(38), 176(12), 174(10), 152( 12), 151(14), 149(38) , 
148(10), 139(11), 138(96), 137(21), 106(10), 77( 12). The 
chromatographic behaviour of the synthetic and natural material 
were identical. 
Olivetoric Acid (12) 
Olivetoric acid (12) (74%) crystallised from 1,2-di-
o . 26 0 
chloroethane as colourless needles m.p. 147-149 (lit. 151) 
(Found: C, 66.0; H, 6.8. c26 H32o8 requires C, 66.1; H, 6.8%). 
v 3320, 3100(0H), 1705, 1664, 1635 (C=O) 
max 
-1 
cm A 21 8 
max 
( € 29700), 272(18700), 308(12700) nm. P.m.r. (CDC1 3) 0 O. 72 
-1.06(6H, m, CH 2CH 3), 1.06-1.84(12H, m, (CH 2) 3cH 3), 2.50(2H, 
t, J 7 Hz, COCH 2), 2.86-3.14(2H, m, CH 2c 4H9), 4.11(2H, s, Ar 
CH 2CO), 6.30, 6. 71(each 1H, d,J 2 Hz, H3', HS'), 6.42, 6.60 
(each 1H, d,J 2 Hz, H3, HS), 8.24, 11.26(each lH, br s, OH). 
Mass spec. m/e 249(14%), 248( 77), 230(11), 224(49),207(12),206(69), 
192(38), 178(25), 177(17), 168(38), 164(11), 163(29), 151(12), 
{ 
150(100), 124(13), 122(24), 121(34), 94(10), 76(10), 69(21), 
65(14). The chromatographic behaviour of the synthetic and 
natural material were identical. 
4-0-Methylolivetoric Acid ( 5) 
4-0-Methylolivetoric acid ( 5) (71%) c ry s tallised from 
0 toluene-cyclohexane as colourless needles m.p. 124-125 (Found: 
C, 66.2; _H, 6.9. c 27H34o8 requires C, 66.6; H, 7.0%). v 3218 
max 
1697, 1676, 1662 (C=O) cm- 1 . A 223( £ 13100), 269(14400), 
max 
308(9900) nm. P.m.r.(CDC1 3) 0 O. 71-1.06(6H, m, CH 2cH 3), 1.06 
-1.88(12H, m, (CH 2) 3cH 3), 2.45(2H, t, J 8 Hz, COCH 2), 2. 88 -
85 
3.13(2H, m, CH 2c 4H9), 3.85(3H, s, OMe ), 4.10(2H, s, ArCH 2CO), 
6.33, 6.49, 6.55, 6.88(each 1H, d, J 2 Hz, H3, HS, HJ', H5'), 
7.42(1H, br s) , 9. 6 9 ( 2H, br s , OH) . Mass spec. m/e 263(1 3%) , 
282(75), 224(37), 207(15), 106(100), 191(7), 180(10) , 178(30), 
177(30), 168(35), 165(14), 164(98), 163(22), 151( 12), 150(63), 
149(12), 135(33), 124(18), 123(11), 122(22), 121(1 8). 
Confluentic Acid(13) 
Confluentic acid (13) (66%) crystallised from toluene-
. 0 . 27 0 
cyclohexane as colourless needles m.p. 153-155 (lit. 157) 
(Found: C, 67.2; H, 7.3. c 28H36o8 requires C, 67.2; H, 7.3%). 
-1 \ 
v 3108(0H), 1722, 1713, 1670 (C=O) cm . /\ 224 ( £ 
max max 
22000), 269(18900), 305(8700) nm. P.m.r. (CDC1 3)00. 70-1.00 
(6H, m, CH 2cH 3), l.08-1.80(12H, m, (CH 2) 3cH 3), 2.44(2H, t, J 
8 Hz, ArCH 2co), 2.56-2.82(2H, m, CHC 4H9), 3. 84(6H, s , OMe), 
4.11(2H, s, ArCH 2CO), 6.34, 6.49(each lH, d,J 2 Hz), 6.60(2H, 
d, J 2 Hz, HJ, HS, HJ', HS'), 7.38, 9.40(each 1H, br s , OH), 
Mass spec m/e 280 (5%), 266(20), 26 3(25), 26 2(97), 238(49), 
221(31), 210(23), 206(41) 195(11) , 194(10), 191(19) , 183(10), 
182(90), 181(24), 178(16), 177 ( 79), 164(2l), 163(100), 162 
(10), 151(10), 149(11), 138(49), 137(29), 135( 31), 123(13), 
106(13), 77(15). 
Extraction of Pannelia rigida Lynge 
This lichen has been used as an authentic source of 
77 
alectoronic acid (90). Atranorin, norstictic acid and 
rhodophyscin have also been identified as occurring in this 
lichen by thin-layer chromatography and microcrystal test~~ 
86 
The lichen material was collected on pines, Harkers 
Island, Carteret County, North Carolina , U. S .A., W.L. Culbe r-
son 12,522 (DUKE). 
The lichen thallus (11 g) was crus hed and extracted in 
a Soxhlet extractor with anhydrous ether for 24 h. Some sol i d 
which had separated from the ethereal solution during the 
extraction was filtered off and r e cry s tallis e d from benzene 
to give a colourless solid identified as atranorin 135 mg, 
0.3%) by comparison with an authentic sample (t.l.c.; p.m.r). 
Crystallisation from the mothe r liquo r h en gave al e ctoroni 
acid (90) (150 mg). The ethereal solution was then concen-
trated and the residue recrystallised from benzene to give, 
firstly, a colourless solid identified a s norstictic acid 
(30 mg. 0.3%) by comparison with an authentic sample (t.l.c; 
p.m.r.). Repeated crystalli sation from the mothe r liquor 
then gave alectoronic a c id (9 0 ) (285 mg, total yield 4%) a s 
colourless prisms, m.p. 190-191° (lit~ 2 193°); V 31 85 
max 
(broad, OH), 1724 (depsidone C=O), 1707(ke tone C=O) and 16 77 
-1 \ (lactone C=O) cm . A 222 ( c 25200), 25 8 (121 00) and 31 0 
max . 
(4170) run; Mass spec. m/e 494(21 %), 46 8 (16), 4 50( 18 ), 3 70 
(35), 352(5), 249(17), 248(77), 230(11), 222(41), 215(11), 
192(62)8 177(19), 163(26), 151(13), 150(100), 147(20 ), 124 
(20), 123(43), 121(36), 99(87), 81(19), 77(12), 71( 8 5), 69 
(18), 67(14), 65(16), and 55(26) with me tastable peak s at 4 32. 
7, 334.9, 292.5, 148. 7 and 117.2. 
The low lactone carbonyl frequen c y ob s erve d in the 
'( 
I 
87 
infrared spectrum of alectoronic acid (and related derivatives) 
(99), (100 and (10~ was consistent with that exhibited by 
related intramolecularly hydrogen bonded six-membered lactone1~ 
Extraction of Parmelia glabrans Nyl 
The lichen material was collected on porphyry boulders, 
Coppins Crossing, Australian Capital Territory, Australia, 
J.A. Elix-026 (MEL 1012297). 
The lichen thallus (125 g ) was crushed and extracted in 
a Soxhlet extractor with anhydrous ether over a period of 
65 h. The residue obtained by evaporation of the ethereal 
solution was treated with ethanol (30 ml). The ethanolic 
solution was diluted with water and repeated recrystallisations 
gave pure alectoronic acid (90) (1.6 g, 1.3%) as colourless 
0 prisms from benzene, m.p. and mixed m.p. 190-191 (Found; C, 
65.3; H, 6.3. Cale. for c28 H32o9 : C, 65.6; H, 6.3%). 
Reaction of Alectoronic Acid with Diazomethane 
(A) Alectoronic acid (90) (0.26 g) in ether (25 ml) was 
treated with excess ethereal diazomethane. After 1.5 min 
at room temper~ture several drops of glaci?l acetic acid were 
added to the reaction mixture which was then washed twice with 
aqueous sodium bicarbonate soltuion (5%) and dried (MgS0 4 ). 
The solvent was then evaporated and the residue adsorbe d on 
a silica gel plate. On elution with 29% ethyl acetate-light 
petroleum two main bands developed and these were separated , 
extracted into ethyl acetate and concentrated . The faster 
moving band yielded methyl a -collatolate (91) (64 mg, 23%) 
which crystallised from ether-light petroleum as colourless 
88 
0 . 64 0 
needles, m.p. 119 -120 (lit. 122) (Found: C, 66. 7; H, 6. 7, 
v 3420(broad, OH), 
max 
3200(broad, OH), 1743(depsidone C=O), 1722, 1717(ketone C=O) 
-1 \ 
and 1677, 1662(ester C=O) cm . A 
max 
218( £ 35200), 258 
(13800) and 310(3950) nm. P.m.r. (CDC1 3)50.94(6H, m, (CH 2) 4 
C~3), 1.22-1.82(128, m, (CH 2) 3CH 3), 2.52(4H, t, J 8 Hz, COCH 2 
c4H9), 3.80, 3.88(each 3H, s, OMe), 3.96, 4.32(each 2H, s, Ar 
CH2CO), 6.48, 6.58(each 1H, d,J 3 Hz, HJ, 5), 6.86(1H, s, H3') 
11.14(1H, br s, 2'-0H). Mass spec. m/e 541(26%) , 410(100). 
The slower-moving band yielded methyl alectoronate (93) 
(143 mg, 54%) which crystallised from ether-light petroleum 
0 . 62 0 
as colourless needles, m.p. 159-160 (lit. 160) (Found: C, 
6 6 . 5 ; H , 6 . 3 . Ca 1 c . f o r C 2 9 H 3 4 0 9 : C , 6 6 . 2 ; H , 6 . 5 % ) . v max 
3275(broad, OH), 1739(depsidone C=O), 1711, 1698( ketone C=O), 
-1 \ 1677(ester C=O) cm . A 219( £ 31500), 255( 120 50 ) and 311 
max 
(3850) nm. P.m.r. (CDC1 3)00.94(6H, m, (CH 2) 4cH 3), 1.20-1. 75 
(12H, m, (CH 2) 3cH 3), 2.58( 4H, m, COCH 2C4H9), 3. 76(2H, s, Ar 
C~2co), 3.86(3H, s, OMe ), 4.27(2H, s, ArCH 2CO), 6.14, 6.28 ( 
each 1H, d,J 3 Hz, HJ, 5), 6.80(1H, s , HJ '), 8 . 52(1H , br s , 
4-0H), 10. 88( 1H, s, 2'-0H). Ma ss spec. m/e 527(13%) , 396 
(100). 
(B) Alectoronic acid (90) (0.50 g) in ether (20 ml) was 
treated with excess ethereal diazomethane and the re sultant 
solution left to stand at room temperature for 24 h. The 
solvent was then removed and the re sidue adsorbed on a silica 
gel plate. Upon elution with 29% ethyl acetate-light petrol-
89 
eum two main bands developed and the se were separated, extracted 
into ethyl acetate and concentrated. Recrysta l li sation of 
the concentrate of the faster-moving band from methanol gave 
firstly methyl 2'-0-methyl- a-collatolate (96) (0.20 g, 37%), 
0 . 64 0 
as colourless needles, m.p. 133-135 (lit . 136) (Found: C, 
67.4; H, 6.8. C, 67.1; H, 6.9%). 
3405(broad, OH), 1732(depsidone c-o), 1725, 1710 (C=O) 
V 
max 
-1 
cm 
A 222( £ 25050), 264(11200), 287(sh)(7950) nm. P.m.r. 
max 
(CDC1 3) 6 0. 92(6H, m, (CH 2) 4cH3), 1. 20-1. 74( 12H, m, (CH 2) 3cH 3), 
1.48, 1.SS(each 2H, t, J 8 Hz, cocg2c4H9), 3 . 8 3, 3.86(9H, s, 
OMe), 3.90, 3.99(each 2H, s, ArCH 2CO), 6.58(2H, s, H3,5), 6. 84 
(1H, s, H3'). Mass spec. m/e 555(36%), 456 (100). 
Further crystallisation from the mother liquor gave methyl 
4'-0-rnethyl- p -collatolate (97) (0.12 g, 22%) as colourless 
0 plates, m.p. 66-68 (Found: C, 67.3; H, 7.1. c 31H38o9 requires 
C, 67.1; H, 6.9%). v 3423(broad, OH), 1726(C=0),1715(C=O), 
max 
1655(C=O) cm- 1 . A 246( £ 54000), 277 ( sh) ( 10000), 290( 7650) 
max 
319(10200) nm. P.m.r. (CDC1 3)00.90(6H, m, (CH 2) 4cH3), 1.10-
1.80(12H, m, (CH 2) 3cH 3), 2.35, 2.48(each 2H, t, J 8 Hz, CH 2 
c 4H9), 3. 72, 3. 74, 3.82(each 3H, s, OMe), 4.14(2H, s, ArCH 2 
CO), 6.09, 6.36(each 1H, d, J 3 Hz, H3,5), 6.11(1H, s, ArCH=C ) 
6.54(1H, s, HJ'), 11. 73(1H, s, 2'-0H). Mass s pe c . m/e 554 
( M + , 11 % )_ , 5 2 2 ( 10 0 ) w i th a me ta s tab 1 e peak at 3 9 4 . 3 . 
The slower-moving band yielded methyl 2' ,4'-di-0-methyl-
p-collatolate (98) (0 .20 g, 36%) which cry s tallised from 
ether-light petroleum as colourless plates, m.p. 128-129° 
90 
C, 67.6; H, 7.1%). v 1726 (C=O), 1720(C=O), 1667(C=O) 
max 
cm -
1 
. A 2 4 5 ( £ 6 O 8 0 0) , 2 7 9 ( 10 0 0 0) , 2 8 9 ( 8 9 0 0) , 3 2 3 ( 7 5 5 0 ) 
max 
run. P.m.r. (CDC1 3)o 0.90(6H, m, (CH 2) 4cH3), 1.06-1.86(12H, 
m, (CH 2) 3cH 3), 2.46(4H, m, COCH 2c4H9), 3 . 74, 3 . 77, 3. 82, 3. 88 
(each 3H, s, OMe), 3. 79( 2H, s ,ArCH2CO), 6.10, 6.40(each 1H, d, 
J 3 Hz, H3,5) 6.17(1H, s, ArCH=C), 6.63(1H, s, H3'). Mass 
spec. m/e 569(16%), 394(100) with metastable peaks at 388.9, 
408.2 and 354.4. 
Reaction of Alectoronic Acid with Methanol and Sulphuric Acid 
Alectoronic acid (90) (0.50 g) in methanol ( 5 ml) and 
concentrated sulphuric acid (1 drop) was left to s tand at 
room temperature for 45 min. The so lution wa s th n diluted 
with ether and poured into water. The ethereal layer wa s 
separated, washed twice with water and dried (MgS04 ). The 
solvent was then evaporated and the residue adsorbed on a 
silica gel plate. On elution with 10% ethyl acetate-light 
petroleum three main bands developed and these were separated , 
extracted into ethyl acetat e , and concentrpted. The fastest 
moving band yielded the pseudo-ester (99) (55 mg, 20%) which 
crystallised from ether-light petroleum as colourless plate s 
0 
m.p. 153-155 (Found: C, 66.0; H, 6.6. c 29H34o9 r equires 
c, 66.1; B, 6.5%). v 3455, 3270(broad OH), 1735(depsidone 
max 
C=O), 1688(ketone C=O), 1657(lactone 
( £21000), 257(15900), 320(4300) run. 
-1 \ C=O) cm . /\ 227 
max 
P.m.r. (CD 3COCD 3)00.96 
91 
(6H, m, (CH 2) 4cH3), 1.25-1. 70(12H, m, (CH 2) 3cH 3), 2.15(2H, 
m, CCH 2c 4H9), 2.62(2H, t, J 8 Hz, COCH 2C4H9), 3.44(3H, s, OMe) 
3.46, 3.84(2H, AB pattern, J 17 Hz, ring CH 2), 4.19(2H, s, 
ArCH 2CO), 6.96(1H, s, H3'), 6.92, 7.02(each 1H, d, J 3 Hz, H3, 
5), 11.56(1H, br s, 2'-0H). Mass spec. m/e 526(M+,19%), 494 
(100). 
The residue from the middle band was rechromatographed with 
10% ethyl acetate-benzene as eluent to give two main bands. 
The faster-moving band yielded the pseudo-ester (99) (8 mg) 
and the slower-moving band yielded the ester (100) (36 mg, 11%) 
which crystallised from benzene-cyclohexane as colourless 
0 
needles, m.p. 51-53 (Found: C, 64.2; H, 7.1. c 30H38o10 
requires C, 64.5; H, 6.9%). v 3325(broad, OH), 1703(ester 
max 
-1 "\ C=O), 1688(ketone C=O), 1665(lactone C=O) cm . /\. 232(£ 
max 
23400), 265(15200), 313(5570) run. P.m.r. (CD 3COCD 3) 0 0.91 
(6H, m, (CH 2) 4cH 3), 1.20-1. 70(12H, m, (CH 2) 3cH 3), 2.00(2H, m, 
CCH 2c 4H9), 2.52(2H, t, J 8 Hz, COCH 2c 4H9), 2.96, 3.31(2H, 
AB pattern, J 17 Hz, ring CH 2), 3.31, 3. 84(each 3H, s, OMe), 
3.82(2H, s, ArCH 2CO), 6.15, 6.46(each lH, d, J 3 Hz, H3,5), 6.44 
(1H, s, H3'), 11.19(1H, s, 2'-0H). Mass spec. m/e 559(24%), 
167(100) were the main peaks with metastable peaks at 446. 7 
and 305.9. 
The slowest-moving band was also rechromatographed with 
10% ethyl acetate-benzene as eluent and two main bands 
developed. The faster-moving band yielded the ester (101) 
(30 mg, 10%) which crystallised from benzene-cyclohexane as 
92 
0 
colourless prisms, m.p. 99-100 (Found: C, 60.5; H, 7.0. c29 
v (Chloroform) 3350 
max 
(broad, OH), 1708(ester C=O), 1696(ketone C=O), 1668(lactone 
C=O) -1 '\ cm . /\.... 228( £ 25500), 
max 
248(13700), 293 (5450) , 304(5000) 
nm. P.m. r. (CD30D) 0 0. 88(6H, m, 
rn,(CH2) 3CH 3), 2.23(2H, t, J 8 Hz, CCH 2c4H9), 2.52(2H, t, J 
8 Hz, COCH 2C4H9), 3.35(2H, br s , ring CH 2), 3.82(2H, d, J 2 
Hz, ArCH 2CO), 3.86(3H, s, OMe), 6.04(1H, m, H3), 6.36 ( 1H, d, 
J 3 Hz, HS), 6.44(1H, s, H3'). Mass spec . m/e 500( < 1%), 
369(100). The slower-moving band yielded unch nged alector-
onic acid (0.2 g). 
Benzyl Alectoronate (104) 
Alectoronic acid (90) (0.39 g) in ether (20 ml) was treat-
ed with an excess of ethereal phenyldiazomethane. After 2 
min at room temperature several drops of glacial acetic acid 
were added to the reaction mixture which was then washed 
several times with water, dried (MgS0 4 ) and concentrated. 
The residue was adsorbed on a silica gel plate and eluted with 
30% ethyl acetate-light petroleum. One main band developed 
and this was separated, extracted, and the residue crystall-
ised from chloroform-ether to give benzyl alectoronate (104) 
(0.42 g, 91%) as colourless plates, m.p. 153-154° (Found: 
C, 69.6; H, 6.2. V 
max 
329S(broad, OH), 1739(depsidone C=O), 1711(ketone C=O), 1662 
-1 \ ( e st er C=O) cm . A 2 2 0 ( £ 2 3 6 5 0 ) , 2 5 8 ( 1110 0 ) , 2 8 4 ( sh) 
max 
(7000), 316(3500) run. P.m.r. (CDC1 3)0 0 . 90(6H, m, (CH 2) 4CH3) , 
93 
1.14-1.80(12H, m,(CH 2) 3cH 3), 2.06, 2.62(each 2H, t, J 7 Hz, 
COCH 2c 4H9), 3.68, 4.18(each 2H, s , ArCH 2CO), 5 .28 (2H , s , CO 2 
CH 2Ph), 5.92, 6.22(each 1H, d, J 3 Hz, H3,5), 6. 80(1H , s , H3'), 
7.42(5H, br s, CH 2c 6H5), 8 .20(1H, br s , 4-0H), 11.30(1H, s, 
2' -OH). Mass spec. m/e 602(M+, < 1%), 150( 100). 
Benzyl a-Collatolate (105) 
Benzyl alectoronate (104) (0.34 g) in ethyl acetate (30 
ml) was treated with excess ethereal diazomethane. After 
1 hat room temperature several drops of glacial acetic acid 
were added to the reaction solution which was then washed 
thoroughly with water and dried (MgS04). The volwne of the 
solution was reduced and benzyl a -collatolate (105) (0.30 g, 
87%)crystallised out as colourless needles, m.p. 135-136° 
(Found: 69.9; H, 6. 7. c 36H40o9 requires C, 70.1; H, 6.6%). 
v 1733(depsidone C=O), 1721, 1709(ketone C=O), 1660(ester 
max 
C=O) cm- 1 . A 223( E 25500), 25 8(14450), 283(sh)(7200), 314 
max 
(3600) run. P.m.r. (CDC1 3) b 0.90(6H, m, (CH 2) 4cH 3), 1.08-
1.80(12H, m, (CH 2) 3cH 3), 2.10, 2. 52(each 2H, t, J 8 Hz, CH 2 
c 4H9), 2. 73(3H, s, OMe) 3.90, 4.24(each 2~, s , ArCH 2CO), 5.26 
(2H, s, co 2cH2C6H5), 6.38, 6.52(each 1H, d, J 3 Hz, H3,5), 
6.81(1H, s, H3'), 7.36(1H, br s, CH 2c 6H5), 11.28 (1H, s , 2'-
+ OH). Mass spec. m/e 616(M, < 1%), 108(100). 
a -Collatolic Acid (103) 
Benzyl a -collatolate (105) (0.18 g) in ethyl acetate (40 
ml) was shaken in hydrogen with platinwn oxide (15 mg) until 
adsorption ceased. The crude product crystallised from 
94 
ethanol-water to give a-collatolic acid (103) (0.13 g, 85%) 
as colourless needles, m.p. 120-122°(lit?4124-125°) (Found: 
C, 66.4; H, 6.8. Cale. for c29H34o9 : C, 66.1; H, 6.5%). 
v 3410(broad, OH), 1742(depsidone C=O), 1722(ketone C=O) 
max 
1677(lactone C=O) cm- 1 . _A 224( £ 23400), 256(14400), 315 
max 
-1 ~ (4250) cm . P.m.r. (CD 3COCD 3) O 0.91(6H, m, (CH 2) 4cH3), 
1.20-1.80(12H, m, (CH 2) 3cH3), 2.14(2H, m, CCH 2c4H9), 2.55(2H, 
t, J 8 Hz, COCH 2c 4H9), 3. 72(2H, br s, ring CH 2), 3.86(3H, s, 
OMe), 4.08(2H, s, Arcg2co), 6. 73(1H, s, HJ'), 6. 78 , 6.91(each 
0 1H, d, J 3 Hz, H3,5): at -50 the broad signal at 3. 72 was 
no longer apparent, but two doublets at 3.38, 3. 76 with 
JAB= 17 Hz were observed. Mass spec. m/e 509(10%), 384(100). 
' Microphyl linic Acid ( 3 ) 
P.m. r. (CD3COCD3) 6 O. 92(6H, m, (CH 2) 4cH 3), 1.12-1. 90 
(12H, m, (CH 2) 3cH 3), 2.22(2H, m, CCH 2c4H9), 2.50(2H, t, J 8 
Hz, COCH 2C4H9), 3.40(2H, br s, ring CH 2), 3.89(3H, s, OMe), 
4.12(2H, s, ArCH 2CO), 6.50(2H, s, HJ' ,5'), 6.72(2H, m, H3,5). 
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Abstract 
Spectroscopic evidence is presented to show that the lichen depsidone alectoronic acid is a tautomeric 
compound which exists predominantly in a novel, six-membered, pseudo-acid (hydroxy lactone) 
form. The existence of this pseudo-acid tautomer was confirmed chemically by esterification with 
acidic methanol, whereupon the corresponding pseudo-ester was produced. P.m.r. spectroscopy 
indicated that the related depsidone, cx-collatolic acid, and the lichen depside, rnicrophyllinic acid, 
exhibit analogous ring-chain tautomerism. 
Introduction 
The aromatic lichen metabolites, dep-
sides, depsidones and dibenzofuran deriv-
atives are particularly characteristic of 
these organisms.1 
Much of the basic chemistry and early 
structural determinations of a large number 
of these compounds was due to the extensive 
11Hs«CCOCH2 ~ 
-0 
1 
2 
HO 0 
(1) 
OH 
COOH 
work of Asahina and his collaborators. 2 One such depsidone, alectoronic acid, was first 
isolated from the lichen Alectoria japonica by Asahina and Hashimoto, 3 and the gross 
structure (I) of this compound was established by Asahina, Kanaoka and Fuzikawa.4 • 5 
The key interconversion used to establish the structure of alectoronic acid involved 
methylation with diazomethane, whereupon the known ester, methyl <X-colJatolate (2), 
was produced. 
Discussion 
In the course of our study on the metabolites of Australian lichens (for preceding 
work on related topics see6) we isolated and studied the spectroscopic properties of 
1 Culberson, C. F., 'Chemical and Botanical Guide to Lichen Products' (University of North Carolina 
Press: Chapel Hill 1969); Supplement to 'Cherni_cal and Botanical Guide to Lichen Products' 
Bryologist, 1970, 73, 177. _ 
2 Asaruna, Y., and Shibata, S., 'Chemistry of Lichen Substances' (Japan Society for Promotion of 
Science: Tokyo 1954). 
3 Asahina, Y., and Hashimoto, A., Ber. Deut. Chem. Ges., 1933, 66, 641. 
4 Asahina, Y., and Fuzikawa, F., Ber. Deut. Chem. Ges., 1934, 67, 163. 
5 Asahina, Y., Kanaoka, Y., and Fuzikawa, F., Ber. Deut. Chem. Ges., 1933, 66, 649. 
6 Baker, C., Elix, J. A., Murphy, D. P.H., Kurokawa, S., and Sargent, M. V., Aust. J. Bot., 1973, 21, 
137; Cresp, T. M., Elix, J . A., Kurokawa, S., and Sargent, M. V., Aust. J. Chem., 1972, 25, 2167. 
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alectoronic acid. The p.m.r. spectrum of this compound in deuteroacetone is illus-
trated in Fig. 1. It was obvious from this spectrum that the two C7 side chains of 
alectoronic acid were, in fact, quite dissimilar in nature and hence not compatible with 
___./"",.__ [ +soo Hzl ~ [-40°] Fig. 1. 100-MHz 
p.m.r. spectrum of 
alectoronic acid 
in C03COCD3. 
8 7 6 5 4 3 2 0 
8 (p.p.m. from SiMe4) 
structure (1). We now propose that alectoronic acid exhibits rapid ring-chain tauto-
meri m, and that at room temperature the predominant tautomer is the pseudo-acid 
form (3). 
uHsC~Lo 
HO~o 
(3a) 
nHsC~tolnJoH 
Ro~0~co,rn, 
(2) R=Me 
(4) R =H 
CH2COC5Hn 
11H5«CCOCH2 ~ O c-o 
HO O 
(3b) 
Thus in the p.m.r. spectrum of this compound the sharp 2H methylene signal at 
c5 4 · 06 was assigned to the C6- CH2 COC5 H 11 substituent, and the very broad methyl-
ene ignal at c5 4 · 05- 3 · 10 to the protons HA and HB. That the latter signal was due to 
the non-identity (but rapid interchange) of protons HA,HB was demonstrated by cool-
ing the sample to -40°, whereupon these protons exhibited a typical AB pattern 
centred at c5 3 · 33, 3 · 70 with a geminal coupling consfant of 16 Hz. ·Thus at this 
temperature the rate of tautomeric interchange was reduced and the resolved p.m.r. 
pectrum readily identified the predominant tautomer. In agreement with this pro-
posal, the chemical shifts of the two side-chain y-methylene groups were quite distinct 
(c5 2· 16, 2· 56) and consistent with one such group being adjacent to a carbonyl carbon 
and the other adjacent to a saturated carbon. 
I. 
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These conclusions were confirmed chemically in the follo wing manner. Methylation 
of alectoronic acid with diazomethane at room temperature gave a mixture of the 
normal esters, methyl alectoronate ( 4) and methyl cx-collatolate (2). Not surpri singly, 
diazomethane methylated the more acidic tautomer in the equilibrium mixture. 
Analogous behaviour has been observed for 8-acetyl-1-naphthoic acid (5)7 and this 
compound is known to exist predominantly as the six-membered pseudo-acid (6). 
(5) (6) 
(7) 
Methyl cx-collatolate (2) obviously arises from further rnethylation of the 4-hydroxy 
group of methyl alectoronate ( 4). Prolonged treatment of alectoronic acid with 
diazornethane proceeded with partial cleavage of the depsidone-ester linkage and 
yielded methyl 2'-0-rnethyl-cx-collatolate (7), methyl 4' -0-methyl-,B-collatolate (8) and 
methyl 2',4'-di-O-methyl-/3-collatolate (9). 
OR (8) R =H 
C0 2CH3 (9) R = Me 
Methyl 4'-0-methyl-,B-collatolate (8) was not isolated from this reaction by earlier 
workers. 5 The facility with which the depsidone-ester group was cleaved in this 
reaction could possibly be attributed to neighbouring group participation by the 
adjacent 2-oxoheptyl group (Scheme I). 
CsH11 
+ -~ I 
z-CHz J r:(c~, 
H-CH ~ 
0 fo"rn'{°H 
o~C02CH3 
(
2
) CHzCOC5H11 
Scheme 1 
7 Lansbury, P. T., and Bieron, J. F ., J. Org. Chem., 1963, 28, 3564. 
OH 
C02CH3 
CH2COC5H11 
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In marked contrast, esterification of alectoronic acid with methanol containing a 
catalytic quantity of sulphuric acid proceeded at room temperature to give a mixture 
of the pseudo-esters (10) and (11), and a small quantity of the methyl ester (12). 
Obviously methanolysis of the depsidone-ester linkage and esterification of the acid 
function of alectoronic acid occur at comparable rates under these conditions. When 
this esterification was carried out in refluxing methanol, the dimethyl ester (11) was 
the major product. Thus the formation of the pseudo-esters (10) and (11) substantiated 
the existence of the pseudo-acid tautomeric form of alectoronic acid itself. 
11H5CCOCH2 
HO 0 
(10) 
CH30 
CH2COC5H11 CH2COC5H11 J6:cC02CHa «02CH3 
OH OH 
HO 0 HO 
0 
0 
(11) CH30 I (12) HO .H 
.. 
It is interesting to speculate why such ring-chain tautomerism bas not been observed 
previously in simple benzenoid compounds. 8 Possibly the corresponding pseudo-acid 
tautomers are destabilized relative to that of alectoronic acid where the particular 
substitution pattern and stereochemistry may favour the cyclic pseudo-acid structure 
(i.e. this may well be stabilized by hydrogen bonding with the 2'-phenolic hydroxy 
group). 
Obviously the closely related depsidone, o:-collatolic acid (13),1 •2 and the lichen 
depsides glomellic acid (14), 9 microphyllinic acid (15) 1 •2 and arthoniac acid (16)10 
would be expected to exhibit analogous ring-chain tautomerism. 
0 
g_Ol(J(°H 
0~COOH 
CH2COC5H11 (13} 
8 Schneckerburger, J., Arch. Pharm. (Weinheim), 1964, 279, 734. 
9 Huneck, S., and Follmann, G., Phytochemistry , 1973, 12, 2993. 
(14) 
10 Huneck, S., Schrieber, K ., Snatzke, G ., and Fehlhaber, H . W., Z. Naturforsch. B, 1970, 25, 49. 
I 
I 
I 
\ I 
I 
I 
/ 
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uH5CCOCH2 ?i · 
, ~C-0"1A{OH 
CH30~0H ~COOH 
(l5) CH2COC5H11 
In order to investigate this possibility, a-collatolic acid was prepared from alector-
onic acid in the following manner. Benzylation of alectoronic acid with phenyldiazo-
methane11 gave the normal ester, benzyl alectoronate (17). Treatment of this com-
pound with diazomethane produced benzyl a-collatolate (18) and hydrogenolysis of 
•• 
-0 OH 
11H5«CCOCH2 ~ 
RO o~COzCH,Ph (18) R = Me 
0 (17) R=H 
CH2COC5H11 
the latter ester over platinum oxide gave the required a-collatolic acid. The p.m.r. 
spectrum of this acid at room temperature and at - 50° were entirely analogous to 
those of alectoronic acid, thus confirming that this depsidone also exists predominantly 
in the pseudo-acid tautomeric form, i.e. (13b) . 
11Hs«CCOCH2 ~ 
-0 
CH 30 O 
(13 a) 
OH 
. 11Hs«CCOCH2 ~ 
-0 
CH30 O 
(13b) 
The lichen depside microphyllinic acid (15) was also examined and at room tem-
perature the p.m.r. spectrum exhibited a sharp 2H methylene singlet at c5 4· 12 and a 
very broad 2H methylene singlet at higher field (c5 3 · 40). Although we had insufficient 
material to obtain satisfactory spectra at low temperature, the chemical shift and the 
nature of the methylene signals at room temperature definitely indicated that this 
compound also existed predominantly as the pseudo-acid tautomer (15b). 
C-0 OH 
11HsJ&CCOCH2 ~ 
CH,0 OH ~COOH 
(lSa) CH2COC5H11 
nH5J&CCOCH2 ~ 
C-0 
CH30 OH . 
(15b) 
11 Overberger, C. G., and Anselme, J.-P., J. Org. Chem., 1963, 28, 592. 
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Experimental 
In'frared spectra were determined on a Unicam SP200G spectrometer. Ultraviolet spectra were 
recorded in 90% ethanol solution on a Unicam SP800 spectrometer. P.m.r. spectra were recorded at 
100 MHz on a Jeol JNM-MH-100 spectrometer, and chemical shifts were measured on the o scale 
relative t6 tetramethylsilane as internal standard. Mass spectra were recorded on a Varian MAT-CH7 
operating at 70 eV. Melting points are uncorrected. Microanalyses were carried out by the A.N.U. 
Microanalytical Laboratory under Miss B. Stevenson and Dr J. Fildes. 
Light petroleum refers to the fraction b.p. 40-60°. All layer chromatograms were carried out on 
thick-layer plates (thickness O · l cm) using silica gel (Merck PF25 4+366) as adsorbent. Bands on thick-
layer plates were detected by exposure to short wavelength ultraviolet light. 
Extraction o/Parrnelia rigida Lynge 
This lichen has been used as an authentic source of alectoronic acid.12 Atranorin, norstitic acid 
and rhodophyscin have also been identified as occurring 1n this lichen by thin-layer chromatography 
and microcrystal tests.12 
The lichen material was collected on pines, Harkers Island, Carteret County, North Carolina, 
U.S.A., W. L. Culberson 12,522 (DUKE). 
The lichen thallus (11 g) was crushed and extracted in a Soxhlet extractor with anhydrous ether for 
24 h. Some solid which had separated from the ethereal solution during the extraction was filtered 
off and recrystallized from benzene to give a colourless solid identified as atranorin (35 mg, O· 3%) by 
comparison with an authentic sample (t.l.c.; p.m.r.). Crystallization from the mother liquor then 
gave alectoronic acid (150 mg). The ethereal solution was then concentrated and the residue re-
crystallized from benzene to give, firstly, a colourless solid identified as norstictic acid (30 mg, O· 3%) 
by comparison with an authentic sample (t.l.c.; p.m.r.). Repeated crystallization from the mother 
liquor then gave alectoronic acid (3) (285 f!lg, total yield 4%) as colourless prisms, m.p. 190-191 ° 
(lit. 3 193 °); Vmax 3185 (broad, OH), 1724 (depsidone C--0), 1707 (ketone C=O) and 1677 (lactone 
C--O)cm- 1 ; Amax 222 (e 25200), 258 (12100) and 310(4170)nrn; mass spectrum m/e 494 (21%), 
468 (16), 450 (18), 370 (35), 352 (5), 249 (17), 248 (77), 230 (11), 222 (41), 215 (11), 192 (62), 177 (19), 
163 (26), 151 (13), 150 (100), 147 (20), 124 (20), 123 (43), 121 (36), 99 (87), 81 (19), 77 (12), 71 (85), 
69 (18), 67 (14), 65 (16) and 55 (26) with metastable peaks at 432·7, 334·9, 292·5, 148·7 and 117·2. 
The low lactone carbonyl frequency observed in the infrared spectrum of alectoronic acid (and 
related derivatives (10), (11) and (12)) was consistent with that exhibited by related intrarnolecularly 
hydrogen bonded six-membered lactones.13 
Extraction o/Parrnelia glabrans Ny/. 
The lichen material was collected on porphyry boulders, Coppins Crossing, Australian Capital 
Territory, Australia, J . A. Elix-026 (MEL 1012297). 
The lichen thallus (125 g) was crushed and extracted in a Soxhlet extractor with anhydrous ether 
over a period of 65 h. The residue obtained by evaporation of the ethereal solution was treated with 
ethanol (30 ml). The ethanolic solution was diluted with water and repeated recrystallizations gave 
pure alectoronic acid (3) (1 · 6 g, 1 · 3%) as colourless prisms from benzene, m.p. and mixed m.p. 
190-191° (lit. 3 193 °) (Found: C, 65·3; H, 6·3. Cale. for C28H 320 9 : C, 65·6; H, 6·3 %). 
Reaction of Alectoronic Acid with Diazomethane 
(A) Alectoronic acid (0 · 26 g) in ether (25 ml) was treated with excess ethereal diazomethane. 
After 1 · 5 min at room temperature several drops of glacial acetic acid were added to the reaction 
mixture which was then washed twice with aqueous sodium bicarbonate solution (5%), and dried 
(MgS04 ). The solvent was then evaporated and the residue adsorbed on a silica gel plate. On elution 
with 29% ethyl acetate-light petroleum (60-80°) two main bands developed and these were separated, 
extracted into ethyl acetate and concentrated. The faster-moving band yielded methyl cx-collatolate 
(2) (64 mg, 23%) which crystallized from ether-light petroleum as colourless needles, m.p. 119-120° 
(lit. 5 122°) (Found: C, 66·7; H, 6·7. Cale. for C30H 360 9 : C, 66 ·7; H , 6·7%). Vmax (Nujol) 
12 Moore, B. J., Bryologist, 1968, 71, 161. 
13 Sondheimer, E., J. Amer. Chem. Soc., 1957, 79, 5036. 
r· 
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3420 (broad, OH), 3200 (broad, OH), 1743 (depsidone C=O), 1722, 1717 (ketone C=O) and 1677, 1662 
(ester - 0) cm- 1 ; Amax 218 (e 35200), 258 (13800) and 310 (3950) nm; p.m.r. (CDC13) o 0 ·94 (6H, 
m, (CH2)4CH3), 1·22-1·82 (12H, m, CHi(CH2)3CH3), 2·52 (4H, t, J 8 Hz, COCH2C4H9), 3 · 80 
3 · 88 (each 3H, s, OCH3), 3 · 96, 4 · 32 (each 2H, s, ArCH2CO), 6 · 48, 6 · 58 (each 1 H , d, J 3 Hz, H 3,5), 
6·86 (lH, s, H3'), 11·14 (lH, br s, 2'-0H); massspectrumm/e 541 (26%), 540 (M+, 77), 523 (IO), 
522 (31), 509 (22), 508 (60), 490 (24), 443 (25), 442 (91), 441 (14), 411 (28), 410 (100), 409 (15), 382 (IO), 
366 (23), 312 (11), 99 (27), 71 (31) and 55 (JO) with metastable peaks at 504·5, 478·1, 460 ·0, 380·5, 
362·0 and 330·9. 
The slower-moving band yielded methyl alectoronate (4) (143 mg, 54%) which crystallized from 
ether- light petroleum as colourless needles, m.p. 159- 160° (lit.3 160°) (Found: C, 66·5; H, 6·3. 
Cale. for C29H 340 9: C, 66·2; H, 6·5 %). Vmax (Nujol) 3275 (broad, OH), 1739 (depsidone C=O), 
1711, 1698 (ketone C=O) and 1677 (ester C=O) cm- 1 ; Amax 219 (e 31500), 255 (12050) and 311 (3850) 
nm; p.m.r. (CDCh) o0·94 (6H, m, (CH2)4CH3), 1·20-1·75 (12H, m, CH2(CH2)JCH3), 2·58 (4H, 
m, COCH2 C4H 9), 3·76 (2H, s, ArCH2CO), 3·86 (3H, s, OCH3), 4·27 (2H, s, ArCH2CO), 6·14, 
6·28 (each lH, d,13 Hz, H3,5), 6 ·80 (lH, s, H3'), 8·52 (lH, br s, 4-0H) and 10·88 (lH, s, 2'-0H); 
mass spectrum m/e 527 (13 %), 526 (M+, 39), 509 (14), 508 (41), 495 (26), 494 (71), 476 (21), 429 (17), 
428 (63), 427 (10), 397 (26), 396 (100), 395 (10), 181 (JO), 99 (12) and 71 (12) with metastable peaks 
at 490·8, 464·0, 446·0, 366·4, 348·3 and 317·4. 
(B) Alectoronic acid (0 · 50 g) in ether (20 ml) was treated with excess ethereal diazomethane and 
the resultant solution left to stand at room temperature for 24 h. The solvent was then removed and 
the residue adsorbed on a silica gel plate. Upon elution with 29% ethyl acetate- light petroleum 
(b.p. 60-80°) two main bands developed and these were separated, extracted into ethyl acetate and 
concentrated. Recrystallization of the concentrate of the faster-moving band from methanol gave 
firstly methyl 2'-0-methyl-a-collatolate (7) (O· 20 g, 37%) as colourless needles, m.p. 133-135 ° (lit. 5 
136°) (Found: C, 67·4; H, 6·8. Cale. for C31 H 380 9: C, 67·1; H, 6·9%). Vmax (Nujol) 3405 
(broad, OH), 1732 (depsidone C=O), 1725, 1710 (C=O) cm- 1 ; Amax 222 (e 25050), 264 (11200) and 
287sh (7950) nm; p.m.r. (CDC13) o O · 92 (6H, m, (CH2)4CH3), l · 20-1 · 74 (12H, m, CH2 (CH2 ) 3CH3), 
1 · 48, l · 55 (each 2H, t, J 8 Hz, COCH2C4H9), 3 · 83, 3 · 86 (9H, s, OCH3), 3 · 90, 3 · 99 (each 2H, s, 
ArCH2 CO), 6 · 58 (2H, s, H3,5) and 6 ·84 (lH, s, H3'); mass spectrum m/e 555 (36%), 554 (M+, 
99), 53 7 (20), 536 (56), 523 ( 45), 522 (88), 504 (19), 457 (30), 456 (100), 455 (19), 425 (18), 424 (52), 
423 (15), 410 (13), 409 (18), 381 (26), 380 (85), 207 (17), 206 (13), 195 (16) and 164 (23) with metastable 
peaks at 518 ·6, 508·4 and 394·2. 
Further crystallization from the mother liquor gave methyl 4'-0-methy/-/3-collatolate (8) (0· 12 g, 
22%) as colourless plates, m.p. 66--68 ° (Found: C, 67 · 3; H, 7 · l. C31 H 380 9 requires C, 67 · 1; H, 
6·9%). Vmax 3423 (broad, OH), 1726 (C=O), 1715 (C=O) and 1655 (C=O) cm-1; },ma. 246 (e 54000), 
277sh (10000), 290 (7650) and 319 (10200) run; p.m.r. (CDC13) o 0·90 (6H, m, (CH2)4CH3), l · 10-
1 · 80 (12H, m, CHi(CH2)3CH3), 2 · 35, 2 · 48 (each 2H, t, J 8 Hz, CH2C4H 9), 3 · 72, 3 · 74, 3 · 82 (each 
3H, s, OCH3), 4 · 14 (2H, s, ArCH2CO), 6 · 09, 6 · 36 (each I H, d, J 3 Hz, H 3,5), 6 · 11 (I H, s, ArCH=C), 
6·54 (IH, s, H3') and 11 ·73 (IH, s, 2'-0H); mass spectrum m/e 554 (M+, 11 %), 523 (36), 522 (100), 
456 (16) and 454 (17) with a metastable peak at 394 · 3. 
The slower-moving band yielded methyl 2',4'-di-0-methyl-/J-collatolate (0 · 20 g, 36%) which 
crystallized from ether-light petroleum as colourless plates, m.p. 128- 129° (lit. 5 114°) (Found: C, 
67 · 6; H, 6 · 9. Cale. for C32H4 00 9: C, 67 · 6; H, 7 · 1 %). Vmax 1726 (C=O), 1720 (C=O) and 1667 
(C=O) cm- 1 ; }, max 2'45 (e 60800), 279 (10000), 289 (8900) and 323 (7550) nm; p.m.r. (CDC13) o 0 ·90 
(6H, m, (CH2)4 CH3), 1 ·06- 1·86 (12H, m, CHi(CH2)3CH3), 2-46 (4H, m, COCH2C4H9), 3·74, 
3 · 77, 3 · 82 and 3 · 88 (each 3H, s, OCH3), 3 · 79 (2H, s, ArCH2CO), 6 · 10, 6 · 40 (each 1 H, d, J 3 Hz, 
H3,5), 6· 17 (IH, s, ArCH=C) and 6·63 (IH, s, H3'); mass spectrum m/e 569 (16%), 568 (M+, 44), 
471 (20), 470 (65), 469 (10), 439 (12), 438 (19), 395 (30), 394 (100) and 209 (14) with metastable peaks 
at 388·9, 408·2 and 354·4. 
Reaction of Alectoronic Acid with Methanol and Sulphuric Acid 
Alectoronic acid (0 · 50 g) in methanol (5 ml) and concentrated sulphuric acid (1 drop) was left to 
stand at room temperature for 45 min. The solution was then diluted with ether and poured into 
water. The ethereal layer was separated, washed twice with water and dried (MgS04). The solvent 
was then evaporated and the residue adsorbed on a silica gel plate. On elution with 10% ethyl 
acetate-light petroleum (b.p. 60-80°) three main bands developed and these were separated, extracted 
into ethyl acetate, and concentrated. The fastest-moving band yielded the pseudo-ester (10) (55 mg, 
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20%) which crystallized from ether- light petroleum as colourless plates, m.p. 153- 155 ° (Found: C, 
66·0; H, 6·6. C29H 340 9 requires C, 66·1; H, 6·5%). Vm ax 3455, 3270 (broad, OH), 1735 (depsi-
done C=O), 1688 (ketone C--0) and 1657 (lactone C=O) crn- 1; Amu 227 (e 21000), 257 (15900) and 
320 (4300) nm; p.m.r. (CD3COCD3) b O· 96 (6H, m, (CH2)4CH3), 1 · 25- 1 · 70 (12H, m, 
CH2(CH2)3CH3), 2 · 15 (2H, m, CCH2C4H 9), 2 · 62 (2H, t, J 8 Hz, COCH2C4H9), 3 · 44 (3H, s, OCH3), 
3 · 46, 3 · 84 (2H, AB pattern, J 17 Hz, ring CH2), 4 · 19 (2H, s, ArCH2CO), 6 · 96 (1 H, s, H 3'), 6 · 92, 
7 · 02 (each lH, d, J 3 Hz, H 3,5) and 11 · 56 (I H, br s, 2'-0H); mass spectrum m/e 526 (M+, 19%), 
495 (35), 494 (100), 476 (24), 451 (32) and 450 (95) with metastable peaks at 463 ·9 and 458·7. 
The residue from the middle band was rechromatographed with 10% ethyl acetate-benzene as 
eluent to give two main bands. The faster-moving band yielded the pseudo-ester .(10) (8 mg) and the 
slower-moving band yielded the ester (11) (36 mg, 11 %) which crystallized from benzene-cyclohexane 
as colourless needles, m.p. 51-53° (Found: C, 64· 2; H, 7 · l. C30H 380 10 requires C, 64· 5; H, 6·9%). 
Vmax (Nujol) 3325 (broad, OH), 1703 (ester C=O), 1688 (ketone C=O) and 1665 Oactone C=O) crn- 1 ; 
Amax 232 (e 23400), 265 (15200) and 313 (5570) nm; p.rn.r. (CD3C0CD3) b O· 91 (6H, m, (CH2)4CH3), 
1 ·20-1 ·70 (12H, m, CHi(CH2hCH3), 2·00 (2H, m, CCH2C4H9), 2· 52 (2H, t, l 8 Hz, COCH2C4H9), 
2·96, 3·31 (2H, AB pattern, l 17 Hz, ring CH2), 3·31, 3·84 (each 3H, s, OCH3), 3·82(2H, s, 
ArCH2CO), 6· 15, 6·46 (each lH, d, 13 Hz, H3,5), 6·44 (lH, s, H3') and 11 ·19 (IH, s, 2'-0H); 
mass spectrum m/e 559 (24%), 558 (M+, 70), 540 (8), 527 (8), 526 (20), 508 (6), 495 (18), 494 (22), 
289 (24), 261 (28) and 167 (100) were the main peaks with metastable peaks at 446·7 and 305·9. 
The slowest-moving band was also rechromatographed with 10% ethyl acetate- benzene as eluent 
and two main bands developed. The faster-moving band yielded the ester (12) (30 mg, 10%) which 
crystallized from benzene-cyclohexane as colourless prisms, m.p. 99- 100° (Found: C, 60· 5; H, 7 ·O. 
C29H 360 10,2H20 requires C, 60·0, H, 6·9%). Vmax (chloroform) 3350 (broad, OH), 1708 (ester 
C=O), 1696 (ketone C--0), and 1668 (lactone C=O) cm- 1 ; Amax 228 (e 25500), 248 (13700), 293 (5450) 
and 304(5000)nm; p.m.r. (CD30D) b 0·88(6H, m, (CH2)4CH3), 1·16--1·70 (12H, m, 
CH2(CH2hCH3), 2 · 23 (2H, t, l 8 Hz, CCH2C4H9), 2 · 52 (2H, t, l 8 Hz, COCH2C4H9), 3 · 35 (2H, 
br s, ring CH2), 3 · 82 (2H, d, l 2 Hz, ArCH2CO), 3 · 86 (3H, s, OCH3), 6·04 (IH, m, H 3), 6· 36 (lH, 
d, l 3 Hz, H5) and 6·44 (IH, s, H3'); mass spectrum m/e 500 ( < 1 %), 471 (IO), 470 (27), 469 (42), 
468 (35), 453 (10), 452 (25), 451 (39), 450 (37), 370 (54), 369 (100), 368 (99), 367 (20), 99 (37), 71 (60), 
69 (21) and 55 (49) with metastable peaks at 432·7 and 292·6. The slower-moving band yielded 
unchanged alectoronic acid (0 · 2 g). 
Benzy/ Alectoronate (17) 
Alectoronic acid (0 · 39 g) in ether (20 ml) was treated with an excess of ethereal phenyldiazo-
methane. After 2 min at room temperature several drops of glacial acetic acid were added to the 
reaction mixture which was then washed several times with water, dried (MgS04) and concentrated. 
The residue was adsorbed on a silica gel plate and eluted with 30% ethyl acetate- light petroleum (b.p. 
60-80°). One main band developed and this was separated, extracted, and the residue crystallized 
from chloroform-ether to give benzyl alectoronate (0·42 g, 91 %) as colourless plates, m.p. 153- 154° 
(Found: C, 69·6; H, 6·2. C3sH3a09 requires C, 69·8; H, 6·4%). Vmax (Nujol) 3295 (broad, OH), 
1739 (depsidone C--0), 1711 (ketone C--0) and 1662 (ester C=O) cm- 1 ; Amas 220 (e 23650), 258 (11090), 
284sh (7010) and 316(3500) run; p.m.r. (CDC13) b0·90 (6H, m, (CH2)4CH3), 1·14-1·80 (12H, m. 
CHi(CH2hCH3), 2·06, 2·62 (each 2H, t, 17 Hz, COCH2C4H 9), 3· 68, 4· 18 (each 2H, s, ArCH2CO), 
5 · 28 (2H, s, C02CH2Ph), 5 · 92, 6· 22 (each lH, d, J 3 Hz, H 3,5), 6· 80 (lH, s, H 3'), 7 ·42 (SH, br s, 
CH2C6Hs), 8 · 20 (I H, br s, 4-0H) and 11 · 30 (1 H, s, 2'-0H); mass spectrum m/e 602 (M+, < 1 %), 
495 (15), 494 (26), 338 (8), 264 (6), 249 (36), 248 (96), 192 (66), 177 (21), 163 (42), 151 (26), 150 (100), 
121 (47), 91 (59), 79 (30), 77 (26), 71 (22), 69 (23), 65 (22) and 55 (25) with metastable peaks at 
148 · 7 and 117 · 2. 
Benzyl a-Collatolate (18) 
Benzyl alectoronate (0 · 34 g) in ethyl acetate (30 ml) was treated with excess ethereal diazomethane. 
After 1 hat room temperature several drops of glacial acetic acid were added to the reaction solution 
which was then washed thoroughly with water and dried (MgS04). The volume of the solution was 
reduced and benzyl a-collatolate (0· 30 mg, 87%) crystallized out as colourless needles, m.p. 135- 136° 
(Found: 69·9; H, 6·7. c36~o09 requires C, 70· l; H, 6·6%). Vmax (Nujol) 1733 (depsidone C=O) 
1721, 1709 (ketone C--0) and 1660 (ester C--0) cm- 1 ; Amax 223 (e 25530), 258 (14450), 283sh (7225) 
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and314(3615)nm; p.m.r. (CDC13)c50·90(6H, m,(CH2)4CH3), 1 ·08-1 ·80(12H, m, CHi(CH2)JCH3), 
2 · 10, 2 · 52 (each 2H, t, J 8 Hz, CH2C4H9), 2 · 73 (3H, s, OCH3), 3 · 90, 4 · 24 (each 2H, s, ArCH2CO), 
5 · 26 (2H, s, C02CH2C 6 H 5 ), 6 · 38, 6 · 52 (each I H, d, J 3 Hz, H 3,5), 6 · 81 (I H, s, H 3'), 7 · 36 (I H, br 
s, CH2C 6 H 5 ) and 11 · 28 (lH, s, 2'-0H); mass spectrum m/e 616 (M+, <I %), 508 (6), 109 (13), 108 
(100), 107 (72), 91 (21), 90 (9), 80 (14), 79 (96), 78 (14), 77 (53), 51 (29) and 50 (14) with a metastable 
peak at 57 · 8. 
a-Collatolic Acid (13) 
Benzyl a-collatolate (0 · 18 g) in ethyl acetate (40 ml) was shaken in hydrogen with platinum oxide 
(15 mg) until absorption ceased. The crude product crystallized from ethanol-water to give a-colla-
tolic acid (13) (0· 13 g, 85%) as colourless needles, m.p. 120- 122° (lit. 5 124-125°) (Found : C, 66·4; 
H, 6 · 8. Cale. for C29H 3409: C, 66 · 1; H, 6 · 5%). Vmax (Nujol) 3410 (broad, OH), 1742 (depsidone 
C=O), 1722 (ketone C=O) and 1677 Oactone C=O) cm- 1 ; Amax 224 (e 23400), 256 (14400) and 315 
(4250) cm- 1 ; p.m.r. (CD 3 COCD3 ) c50· 911 (6H, m, (CH2)4CH3), 1 · 20- 1 · 80 (12H, m, CHi(CH2)3 HC3), 
2 · 14 (2H, m, CCH2C4H 9), 2 · 55 (2H, t, J 8 Hz, COCH2C4H 9), 3 · 72 (2H, br s, ring CH2), 3 · 86 (3H, 
s, OCH3), 4·08 (2H, s, ArCH2CO), 6 ·73 (IH, s, H3') and 6·78, 6·91 (each lH, d, J 3 Hz, H3,5): 
at -50° the broad signal at c5 3 · 72 was no longer apparent, but two doublets at c5 3 · 38, 3 · 76 with 
J A,B = 17 Hz were observed; mass spectrum m/e 509 (10%), 508 (22), 483 (16), 482 (5~), 464 (8), 
385(26), 384(100), 383(16), 263(8), 262(11), 205(7), 177(6), 164(11), 148(7), 135(6), 123(8), 
119(6), 111 (7), 99(25), 97(15), 95(9), 85(16), 83(18), 81 (11), 71 (49), 70(9), 69(27), 67(8), 57 
(61), 56 (13) and 55 (36) with metastable peaks at 446 · 7 and 305 · 9. 
Microphyllinic Acid 
P.m.r. (CD 3 C0CD 3 ) c5 0 ·92 (6H, m, (CH2)4CH3), 1 · 12-1 ·90 (12H, m, CHi(CH2)3CH3), 2·22 
(2H, m, CCH2C4H9), 2 · 50 (2H, t, J 8 Hz, COCH2C4H9), 3 · 40 (2H, br s, ring CH2), 3 · 89 (3H, s, 
OCH3), 4·12 (2H, s, ArCH2CO), 6·50 (2H, s, H3',5'), 6·72 (2H, m, H3,5). 
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